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LECTURE NOTES 
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CHEMICAL STUDENTS. 


CHAPTER 1. 

INTROIH'CTORY. 

Definition. — Chemist ry is the science which treats of the* 
composition of all kinds of matter, and of those changes in 
composition which result from the act ion, either of different. 
kinds of matter upon each other, or of external forces upon 
one and the same kind of matter. 

Simim.i: \ni> CoMpnrxn Mvtteji. — A 11 kinds of matter are 
divided into two great clashes — simple substances, and com- 
pound substances. A simple substance is one out of which it is 
impossible to obtain, by any known process, two or more essen- 
tially different kinds of matter. A compound substance, on the 
other hand, is one which ran be resolved into two or more 
simple substances. The simple substances at present, known 
are sixty-two in number, and nre termed elements. By the 
combination of these elements with each other, all Die* infi- 
nitely varied forms of terrestrial matter are produced. 

Modes or Chemicai. Action - Matter undergoes chemical 
change in five different ways, viz. : — 

1st. By the direct combination of elements or compounds 
with each other. 

2nd. By the displacement- of one element or group of ele- 
ments in a body by another element or group of elements. 

Brd. By a mutual exchange of elements or groups of elements 
in two or more bodies. 

4th. By the rearrangement of the elements or groups of 
elements already contained in a body. 

YOL. I. 


B 
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ATOMS AND MOLECULES. 


6th. By the resolution of a compound into its elements, or 
into two or more less complex compounds. 

Atomic Weight. — Chemists assign to every element a 
number called its atomic weight. This number is not fixed 
according to any invariable rule, but the following, especially 
the second, are the chief considerations which serve as guides 
in its determination : — 

1st. The smallest proportion by weight in which the ele- 
ment enters into or is expelled from a chemical compound, — 
the smallest weight of hydrogen so entering or leaving a che- 
mical compound being taken as unity. 

2nd. The weight of the element in the solid condition which, 
at any given temperature, contains the same amount of heat 
as seven parts by weight of solid lithium at the same tempe- 
rature. 

3rd. The weight of the element which, in the form of gas 
or vapour, occupies, under like conditions of temperature and 
pressure, the same volume as one part by weight of hydrogen. 

The atomic weight of a compound is the sum of the atomic 
weights of its elements. 

The atomic weights of the elements are given in the Table 
at page 6. 

Atoms and Molecules. — The proportional amount of any 
element represented by its atomic weight, as above described, 
is commonly called an atom of that element. 

When an element is isolated, or separated from every other 
kind of matter, its atoms still exist, except in a lew cases, in 
combination with each other. In many instances the atoms of 
isolated elements are associated in pairs when thus combined. 
Such an isolated atom or group of atoms constitutes au elemen- 
tary molecule. 

The bulk of a molecule, or the molecular volume of an ele- 
ment in the gaseous or vaporous condition, is the same as the 
molecular volume of hydrogen at the same temperature and 
pressure ; aud the molecular weight of an element is in a large 
number of cases twice its own atomic weight. 
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The following is a list of those elements whose molecular 
volumes have been determined. 

Molecules containing of the element 

Two atoms. Three atoms. Four atoms. Si* atoms. 
Diatomic Triatomic j Tetratomic Hexatomic 

Molecule *, Molecule*. J Molecule e. Molecule * . 

Hydrogen. ; Oxygen (as Phosphorus, j Sulphur. 
Oxvgen. j Ozone). j Arsenic. 

Chlorine. . 

Bromine. 

I Iodine. 

| Fluorine. 

! Nitrogen. 

■ Sulphur. 

Selenium. 

It will be perceived from the abovo Table that an element 
may have two distinct molecular weights. This is known to 
be the case with oxygen and sulphur. 

The molecular weight of a compound is, with very few excep- 
tions, identical with its atomic weight. The molecular volume 
or the space occupied by the combining proportion of a com- 
pound is, with very few exceptions, equal to that occupied 
by two combining proportions, or one molecule, of hydrogen. 
Hence the law — equal volumes of all gases and vapours contain , at 
the same temperature and pressure , an equal number of molecules. 

With very few exceptions, therefore, the molecules of all ( 
compounds in the gaseous or vaporous condition, no matter ; 
how great may be the aggregate volume of their constituents, ; 
occupy, when compared at the same temperature and pressure, 
one uniform volume, which is exactly the same as that filled 
by one molecule of hydrogen. Thus 

vol. toI. vol*. 

1 of Hydrogen +1 of Chlorine form 2 of Hydrochloric acid. 

1 of Hydrogen + 1 of Bromine vajiour 2 of Hydrobromic acid. 

2 of Hydrogen +1 of Sulphur vapour 2 of Sulphuretted Hydrogen. 

2 of Hydrogen + 1 of Oxygen „ 2 of Steam. 

2 of Hydrogen +1 of Nitrogen „ 2 of AmmonU. 

4 of Hydrogen +r of Carbon vapour » 2 of Marah>gaa. 

4 of Hydrogen + 1 of Oxygen +2* of Carbon vapour „ 2 of Alcohol vapour. 

12 of Hydrogen +1 of Oxygen +&r of Carbon vapour tt 2 of Axnylio alcohol vapour. 

B 2 


One atom. 
Monatomic 
Molecule *. 

\ Mercury. 

Cadmium. 

, Zinc. 
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POSITIVE AND NEGATIVE ELEMENTS. 


Chemical Affinity. — The force or power which holds toge- 
ther the elements of a compound is termed chemical affinity. 

Elements which readily combine with each other, and develop 
much heat on combination, are said to have a powerful affinity 
for each other. The* elements which thus exhibit towards each 
other a great affinity arc possessed of widely different proper- 
ties ; and w f hen their compounds are decomposed by an electric 
current, the constituents are evolved at the opposite poles. 
Those elements which, under such circumstances, make their 
appearance at the positive pole are termed electro-negative or 
negative elements, whilst those disengaged at the negative pole 
are called electro-positive or positive elements. It must be re- 
membered, however, that the difference between these two 
classes is one of degree only ; they insensibly merge into each 
other, since the members of both classes exhibit a graduated 
intensity of the positive or negative quality. Thus potassium 
iB more positive than sodium, and oxygen more negative than 
sulphur, whilst mercury is negative to sodium but positive to 
chlorine. 

The following eight elements are negative towards the re- 
maining fifty-four elements, which arc more or less positive: — 


Fluorine. 

Chlorine. 

Bromine. 

Iodine. 


Oxygen. 

Sulphur. 

Selenium. 

Tellurium. 


Although two positive or two negative elements can combine 
together chemically, yet their union is rarely attended with 
such striking phenomena as are manifested when the combi- 
nation takes place between a positive and a negative element. 
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CHAPTER II. 

CHEMICAL NOMENCLATURE. 

The study of every science necessitates an acquaintance with 
the system of names and peculiar modes of expression which 
have been found most convenient to denote the materials and 
to describe the phenomena which form its objects. Such names 
and modes of expression form the groundwork of the language 
of every science, upon the right employment of which depend 
the precision and accuracy of scientific definition. 

The nomenclature of a science ought to be distinguished for 
its clearness and simplicity ; but it is by no means easy to 
secure these conditions in a science like chemistry, where the 
rapid progress of discovery necessitates the continual addition 
of new and the frequent alteration of old names. The chemical 
name of a substance should not only identify and individualize 
that substance, but it should also express the composition 
and constitution of the body, if a compound, to which it is 
applied. The first of these conditions is readily attained ; 
but the second is much more difficult to secure, inasmuch as 
our ideas of the constitution of chemical compounds — of the 
mode in which they are built up as it were — require frequent 
modification. On this account all attempts to frame a perfectly 
consistent system of chemical nomenclature have hitherto been 
only partially successful. 

It has been already mentioned that the number of elements 
at present known is sixty- two. These have received the names 
given in the following Table, in which the twenty-two most 
important elements are distinguished by the largest type, 
those next in importance by medium type, whilst the names of 
elements which are either of rare occurrence, or of which our 
knowledge is yet very imperfect, are printed in the smallest 
type. 
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i 

\ Name. 

| 

r* 5 

Atomic 

weight. 

i Name. 

:| 

Sym 

bol. 

Atomic 

weight. 

i ALUMINIUM 

A) 

275 

' Molybdenum... 

Mo 

92 

1 Axtiuos I .... 

Sb 

122 

Nickel 

Ni 

58*8 

AttBKSIC 

a» : 

75 

Niobium , 

Nb 

976 

Bahiv 3f 

Ba 

127 

NITROGEN ...IN 

14 

Bismuth 

Hi 

20s 

Osmium 

Os 

199 I 

Boron 

B 

11 

OXYGEN 

0 

16 ! 

BROMINE 

Br 

bo 

Palladium .... 

Pd 

106*5 i 

Cadmium 

Cd 

112 

PHOSPHORUS 

P 

31 ! 

Cresium 

Cs 

132 

Platinum 

Pt 

197*4 | 

CALCIUM 

Cu i 

40 

POTASSIUM.. 

K 

»» i 

CARBON 

; c 1 

12 

Rhodium ! Rh 

104 

Cerium 

Co 

92 

Rubidium 

Rb 

85*5 j 

CHLORINE 

Cl 

35*5 

Ruthenium 

Hu 

101 f 

Chromium 

Cr 

52 5 

Selenium 

Se 

79 i 

Cora lt 

Co 

r»b-b 

SILICON 

Si 

28*5 : 

COPPER 

Cu 

03*5 

SILVER 

Ak 

108 | 

Didvmium 

1) 

9(1 

SODIUM 

Na 

23 

FLUORINE 

F 

19 ; 

Strontium 

Sr 

S7-5; 

Glueinum 

(« 

1 1 

SULPHUR 

S 

32 ! 

Gold 

! Au 

190 7 

Tantalum 

Ta 

137-5 ! 

HYDROGEN ... 

11 i 

1 

Tellurium 

Te 

128 ; 

Indium 

>iu i 

l 13*4 

Thallium 

Ti 

204 | 

IODINE 

; I i 

127 

Thorium 

Th 

j 231*5 

Iridium 

ir ; 

19b 

Tin 

Sn 

, 118 

IRON 

Ve 

50 

Titanium 

Ti 

j 50 , 

Lanthanum 

!L 

92 

Tungsten 

W 

1 184 ; 

LEAD 

. Pb ! 

207 

Uranium 

U 

’ 120 : 

Lithium 

Li 

7 

Vanadium 

V 

51*2 1 

Maonksium 

*ig! 

24 

Yttrium 

Y 

• 68 ! 

MANGANESE 

Mu: 

55 

; ZINC 

Zu 

: 65 j 

! MERCURY ... 

Hgi 

200 j 

Zirconium i 

1 1 

Zr 

‘ 90 1 


These elementary substances have been long divided into 
two great classes — metals and non-metal * , the latter being also 
sometimes termed metalloid*. The metals are by far the more 
numerous, the non-metals comprising only the following 
thirteen elements — Borou, Bromine, Carbon, Chlorine, Fluo- 
rine, Hydrogen, Iodine, Nitrogen, Oxygen, Phosphorus, Sole*, 
nium, Silicon, Sulphur. 
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The names of the elements can scarcely be said to have been 
given according to any rule ; many of them are derived from 
some prominent property of the bodies themselves, whilst 
others have a mythological origin. An attempt has been made 
to distinguish the metals by the termination um, os potas- 
sium , sodium, &e . ; but the common metals, such as gold, 
copper, and iron, still retain their original names ; and one 
substance, selenium, which at the time of its discovery was 
regarded as a metal, has had no change made in its name, 
although further research lias divested it of all metallic attri- 
butes. Au important group of electro-negative nou*metals — 
fluorine, chlorine, bromine, and iodine- -have received the ter- 
mination ine ; three are distinguished by the terminal syllable 
on, viz. carbon, silicon, ami boron ; and three others have gen for 
their final syllable, viz. oxygen, hydrogen, and nitrogen, these 
last names being derived from Greek words denoting the pro- 
perty possessed by these elements of generating respectively 
acid, water, and nitre. 

When two elementary bodies unite together, they form a 
chemical compound of the first order, to which the name 
binary compound has been applied. The names of these com- 
pounds are formed from those of their constituents, the name 
of the positive constituent or some abbreviation thereof, with 
the terminal ic, preceding that of the negative constituent, 
which is made to terminate in ide, thus : — 

Potassium and Sulphur form Potassic sulphide. 

Sodium „ Oxygen „ Sodic oxide. 

Silver „ Chlorine „ Argentic chloride. 

Zinc „ Iodine „ Zincic iodide. 

Calcium „ Chlorine „ Calcic chloride. 

But the same elements frequently form with each other two 
compounds, in which case the one which contains the smaller 
proportion of the negative element is distinguished by changing 
the term inal syllable of the name of its positive constituent 
into out, the terminal ic being retained for the compound con- 
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taming the larger proportion of the negative element. Thus, 

One atom of tin and two atoms of chlorine form Stannous chloride. 

One atom of tin and four atoms of chlorine form Stannic chloride. 

Sometimes, however, the same elements form with each 
other more than two compounds. In these cases the prefixes 
hypo and per are employed as marks of distinction ; but their 
use is very rarely required. 

If a binary compound contains oxygen, and forms an acid 
when made to unite with water, or a salt when added to a base, 
it is termed an anhydride or anhydrous acid. Thus, 

One atom of carbon and two atoms of oxygen form carbonic anhydride. 

Two atoms of nitrogen and five atoms of oxygen form nitric anhydride. 

Two atoms of nitrogen and three atoms of oxygen form nitrous anhydride. 
One atom of sulphur and three atoms of oxygen form sulphuric anhydride. 
One atom of sulphur and two atoms of oxygen form sulphurous anhydride. 

In the following cases, the systematic names have not dis- 
placed the trivial and irregular names used for the same sub- 
stances : — 

Systematic Name. Trivial or irregular name. 

Ilydric oxide Water. 

Ilydric sulphide Sulphuretted hydrogen. 

Ilydric selenide Seleuiuretted hydrogen. 

Ilydric telluride . . Tclluretted hydrogen. 

Hydric chloride Hydrochloric acid. 

Ilydric bromide Hvdrobromic acid. 

Hydric iodide llydriodic acid. 

Ilydric fluoride Hydrofluoric acid. 

Ilydric carbide f Marsl * S a8 or light carburetted 

( hydrogen. 

Hydric nitride Ammonia. 

Hydric phosphide Phosphuretted hydrogen. 

Hydric arsenide Arsenuretted hydrogen 

Hydric antimonide Antimonuretted hydrogen. 

The term acid was originally applied only to substances pos- 
sessing a sour taste like vinegar ; but analogy has necessitated 
the application of the same name to a large number of com- 
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pounds which have not this property. In the modem accepta- 
tion of the name, an acid may be defined as a compound con- 
taining one or more atoms of hydrogen, which become displaced 
by a metal when the latter is presented to the compound in the 
form of a hydrate. The hydrogen capable of being so displaced 
may be conveniently termed displaceable hydrogen. An acid 
containing one such atom of hydrogen is said to be monobasic , 
two such atoms dibasic , &c. Acids of a greater basicity than 
unity are frequently termed polybasic acids. 

Thus nitric acid gives, with sodic hydrate, sodic nitrate : 
N0 3 H + ONalf = NO,Na + OH a . 

Nitric *eid. Sodic hydrate. Sodic nitrate. Water. 

Sulphuric acid gives, with potassic hydrate, potassic sulphate : 
S0 4 II a 4 * 20K11 = SO,K a -f 20H„. 

Sulphuric acid. Potamic hydrate. PoUtMic •ulphatt*. Water. 

And hydrochloric acid gives, with potassic hydrate, potassic 
chloride : 

HC1 + OKU = KC1 + OH a . 

Hydrochloric Potaaric l'litimiR Water, 

acid. hydrate. chloride. 

When an acid contains oxygen, its name is generally formed 
by adding the terminal ic either to the name of the element 
with which the oxygen is united, or to an abbreviation of that 
name ; thus sulphur forms, with oxygen, sulphuric acid ; nitro- 
gen, nitric acid ; and phosphorus, phosphoric acid. But it 
frequently happens that the same element forms two acids 
with oxygen ; and when this occurs, the acid containing the 
larger amount of oxygen receives the terminal syllable ic, 
whilst that containing less oxygen is made to end in out. 
Thus we have sulphurous acid, nitrous acid, and phosphorous 
acid, each containing a smaller proportion of oxygen than that 
necessary to form respectively sulphuric, nitric, and phosphoric 
acids. 

In some instances, however, the same element forms more than 
two acids with oxygen, in which case one of the two Greek words 
hypo, under, and hyper , over, is prefixed to the name of the 
acid. Thus an acid of sulphur containing less oxygen than 
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sulphurous acid is termed hyposulphurous acid; and another 
acid of the same element containing, in proportion to sulphur, 
more oxygen than sulphurous acid and less than sulphuric, 
might be named either hypersulphurous acid, or hyposulphuric 
acid ; but the latter term has been universally adopted. The 
prefix per is frequently substituted for hyper ; thus in the case 
of chlorine, which forms the following four acids with oxygen, 
viz. hypochlorous acid, chlorous acid, chloric acid, and hyper- 
chloric acid, the latter is generally named perchloric acid ; but 
per can only be used as a prefix to the acid containing the 
largest proportion of oxygen. 

Some acids do not contain oxygen amongst their constituents, 
but consist of sulphur or hydrogen united with other elements. 
This peculiarity of composition . is expressed in their nomen- 
clature by the prefixes sulpho or sulph, and hydro or hydr : thus 
sulpharsenic acid and sulphostannic acid denote acids composed 
respectively of sulphur, hydrogen, and arsenic ; and sulphur, hy- 
drogen, and tin ; whilst the names hydrochloric acid and hydri- 
oclic acid are given to acids composed, the first of hydrogen 
and chlorine, and the second of hydrogen and iodine. The 
terminals ous and ic are also applied to these acids in exactly 
the same manner as to the oxygen acids : thus we have sulph- 
arsenious and sulpharsenic acid, the latter containing a 
larger proportion of sulphur than the former; but the appli- 
cation of the first of these terminals has not hitherto been 
found necessary in the case of hydrogen acids, since no ele- 
ment lias yet bceu observed to form more than one acid with 
hydrogen. 

The term anhydride or anhydrous acid is applied to the residue 
obtained by the abstraction (in combination with oxygen as 
water) of all the displaceable hydrogen from one or two mole- 
cules of an oxygen acid. Thus, 


SO,H a - 

OH, 

= SO,; 

Sulphuric acid. 

Water. 

Sulphuric anhydride. 

2NO,H - 

OH, 

= N,O t . 

Nitric acid. 

Water. 

Nitric anhydride. 
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The term base is applied to three classes of compounds, all of 
which are converted into salts by the action of acids. These are — 

1st. Certain compounds of metals with oxygen, such as sodic 
oxide (Na^), zincic oxide (ZnO), &e. 

2nd. Certain compounds of metals with the compound radical 
hydroxyl (HO), such as sodic hydrate (Na(IIO)), zincic hy- 
drate (Zn(HO)J, &c. 

3rd. Certain compounds of nitrogen, phosphorus, arsenic, 
and antimony, such as ammonia (NIL,). 

There are also a few organic eomjtounde to which the name 
base is sometimes given, but which are not included in the 
above classes; it is, however, unnecessary further to allude to 
them here. 

The bases of the first class arc named in accordance with 
the rules already given for compounds of two elements. The 
following bases, however, still retain their irregular names: — 


Systematic* names. 

Irregular names. 

Baric oxide 

Baryta. 

Strontic oxide 


Calcic oxide 

Lime. 

Magnetic oxide . . 

M agnosia. 

Aluminie oxide... 

Alumina. 

Glucinic oxide 

Glueina. 

Zirconic oxide 

Zircon ia. 


The names of the bases belonging to the second class are 
formed by changing the terminal syllable of the name of the 
metal into ic or ous, and the word hydroxyl into hydrate. Thus 
caesium and hydroxyl form cajsic hydrate (C’s(llO)); barium 
and hydroxyl, baric hydrate (Ba(IIO) 3 ); and iron and hy- 
droxyl, ferric hydrate (Fe a (HO; # ). 

A few of these bases have trivial or irregular names, which 
are almost invariably used instead of the systematic names : — 
Systematic name*. Irregular name*. 

Potassie hydrate Potash. 

Sodic hydrate Soda. 

Lithic hydrate Lithia. 
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The bases of the third class are distinguished by the terminal 
syllable inc, except nitrine, (XH,), which retains its trivial 
name ammonia. These bases belong almost exclusively to the 
department of organic chemistry, and their nomenclature could 
not be advantageously discussed here. 

It has been already mentioned that by the mutual action of 
an acid and a base upon each other, a salt is produced. If the 
salt be free from oxygen and sulphur, like common salt, (NaCl), 
it is termed a haloid salt ; if it contain oxygen, it is termed an 
osysalt ; and if this oxygen be replaced by sulphur, it is distin- 
guished as a sulphosalt. 

The haloid salts are named according to the rules for binary 
compounds above given, thus : 


Name. Formula. 

Sod it* chloride NaCl. 

Calcic iodide I *al 2 . 

Ferrous bromide FeBr a . 

Ferric bromide Fe 2 Br 6 . 


Oxysalts are divided into normal , acid , and basic. 

A normal salt is one in which the displaceable hydrogen of the 
acid (see page 9) is all exchanged for an equivalent amount of 
a metal or of a positive compound radical. 

The following examples will serve to illustrate this definition 
of a normal, or, as it is sometimes incorrectly called, a neutral 
salt, the displaceable atoms of hydrogen in the acid, and the 
metal by which they have been displaced in the salt, being 
printed in italics : — 


Acid. 


Normal salt 


Nitric acid 

... NO % H 

1 Sodic nitrate 

NO a N«. 



1 Calcic nitrate 

(NO a ),C«’\ 

Sulphuric acid 

.. SO 4 // 2 

f Potassic sulphate 



l Calcic sulphate 

80 4 GT 

Phosphoric acid 

•• ro t fl, 

f Potaaaic phosphate . 

. „ 

1 Calcic phosphate 

(P0 4 ) a Ca'V 

Hypophoaphoroua acid.. PO a H,AT.. 

Sodic hypophoephtte ... 

POjHyAa. 

Phoaphorous acid .... 

... POjHi/, .. 

. Potaaue phosphite 

PO.HJC*. 
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Acid. 

Metaphosphoric acid ... PO,// .. 
Pyrophosphoric acid ... P y O T // 4 .. 
Nordhausen sulphuric j g q 

Unknown acid Cr a 0 7 // a 


Normal salt 

Li thic metaphosphate... PO s Lt. 
Calcic pyrophosphate... P a O T Co" a . 

Sodic bisulphide S a 0 7 iVa a . 

Potassic bichromate ... Cr a O T jST a . 


An acid salt is one in which the displaceable hydrogen of the 
acid is only partially exchanged for a metal or positive compound 
radical . 

The following examples illustrate the constitution and nomen- 
clature of these salts : — 


Acid. Acid salt. 

Sulphuric acid ... SO,// a Hydric sodic sulphate BO t HNa. 

Carbonic acid ... CO.,//.,? Hydric potassic carbonate... CO, //A. 

{ Hydric disodie phosphate . . . PO A UNa v 
Dihydrie sodic phosphate ... VQfiJNa. 

Microoosmic salt PO t U{NH A )Na. 

(Hydrio ammonio sodic 


Acid salts are produced almost exclusively from polybasic 
acids. 

When the number of bonds * of the metal or compound positive 
radical contained in a salt exceeds the number of atoms of displace- 
able hydrogen in the acid, the compound is usually termed a basic 
salt — as, for instance, 


Acid. 

Carbonic acid .... 
Sulphuric acid.... 


Basic salt. 


CO //, ( Malttchite CO„n a CV' r 

3 a l Blue cupric carbonate C a O, H a CV' 3 . 

g 0 fj f Tri basic cupric sulphate SO^^CV,. 

4 J L Turpeth mineral 80 e Jfy * 3 . 


These and most, if not all, other basic salts do not differ 
essentially in tbeir constitution from the normal and acid salts. 
This will be seen from the arrangement of their atoms given 
under the different metals entering into their composition. 

The nomenclature of organic bodies is founded upon the 
same principles as that of inorganic compounds ; but its discus- 
sion could not be conveniently introduced here. 

* For an explanation of this term see Chap. III. p. 18. 
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CHAPTER III. 

CHEMICAL NOTATION. 

Symbolic Notation. — Every element is represented by a 
symbol, whieli is frequently the initial letter of the name 
of the element ; but as in some cases the names of two or 
more elements begin with the same letter, it is necessary to 
distinguish them by the use of a second letter in small type, 
which is either the second letter of the word, or some other 
letter prominently heard in its pronunciation ; thus carbon, 
cadmium, cobalt, and cerium all begin with the same letter ; 
but they are distinguished by the symbols C, Cd, Co, and Ce. 
In the use of the single letters, the non-metallic elements have 
the preference ; thus oxygen, hydrogen, nit rogen, Bulphur, phos- 
phorus, boron, carbon, iodine, and fluorine are expressed by the 
single letters 0, II, N, S, P, B, 0, 1, and F ; whilst the inetals 
osmium, mercury, nickel, strontium, platinum, bismuth, cobalt, 
iridium, and iron arc symbolized by two letters each ; thus Os, 
Hg (hydrargyrum), Ni, Sr, Pt, Bi. Co, Ir, and Fe(ferrum). In 
the selection of the single letter for other cases, preference is 
given to the most important element ; thus sulphur, selenium, 
and silicon are all non-metallic elements, beginning with the 
same letter ; but sulphur being the most important, the single 
letter S is assigned to it, whilst selenium and silicon are de- 
noted respectively by Sc and Si. 

The symbols of compounds are formed by the simple juxta- 
position of the symbols of their constituent elements. Such a 
group of two or more symbols is termed a chemical formula. 


Thus : 

Argentic chloride -AgCl. 

Zincic oxide ZnO. 


The symbols not only represent the elements for which they 
are used, but they also denote a certain definite proportion by 
weight of each element ; the formula IICl, for instance, does 
not merely denote a compound of hydrogen and chlorine, but 
it signifies a molecule of that compound containing one atom 
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(1 part by weight) of hydrogen, and one atom (35*5 parts by 
weight) of chlorine. When, therefore, the molecule of a com- 
pound contains more than one atom or combining proportion 
of any element, it is necessary to express such fact in the for 
mula : this is done by the use of a coefficient placed after the 


symbol of the element : 

Zincic chloride ZnCl a . 

Ferric chloride Fe„Cl # . 

Stannous chloride SnCl a . 

Stannic chloride SnCl 4 . 


When it is necessary to denote two or more molecules of 
any compound, a large figure is placed before the formula of 
the compound ; such a figure then affects every symbol in that 
formula : thus 3S0 4 II a means three molecules of the compound 

BO.H, 

The changes which occur during chemical action are expressed 
by equations, in which the symbols of the elements or compounds, 
as they exist before the change, are placed on the left, and 
those which result from the reaction on the right. Thus, taking 
an example from each of the five kinds of chemical action 
before mentioned, we have 


(1) 

Zn + 01 a 

= ZnCl a . 



Zinc. Chlorine. 

Zincic chloride. 


(2) 

211 Cl + Zn . 

= ZnCl a + 



Hydrochloric* acid. Zinc. 

Zincic ohloride. 

Hydrogen. 

(3) 

SO.Cu + (NO,VBa . 

= SO.Ba + 

(NO, 

Cupric sulphate. Baric nitrate. 

Baric sulphate. 

Cupric nitrate. 

W 

(CN)0<NH 4 ) - 

N a II 4 (CO). 



Amnionic cyanate. 

Urea. 


(5) 

20H 3 = O a 

+ 

to 



Water. Oxygen. Hydrogen. 



The sign + , as seen from the foregoing examples, is placed 
between the formulae of the molecules of the different substances 
which are brought into contact before the reaction, and of 
those which result from the change. This sign must never be 
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used to connect together the constituents of one and the same 
chemical compound. 

The sign — is only very rarely used in chemical notation, 
but when employed it has the ordinary signification of abs- 
traction ; thus, 

SO.H, - H a O = SO,. 

Sulphuric acid. Water. Sulphuric anhydride. 

Use of the bracket. — The bracket has been employed in 
various senses in chemical formula? ; but in the following pages 
it is used in notation for one purpose only, viz. for expressing 
chemical combination between two or more elements which 
are placed perpendicularly with regard to each other and next 
to the bracket in a formula. Thus in the following cases, 


I. 

ii. 

III. 

CH, 

CH, 

NO a O 


• O 

Ba 


U’H, 

NO a O 


the formula No. I. signifies that two atoms of carbon are 
directly united with each other, No. 11. that two atoms of car- 
bon are linked together, as it were, by an atom of oxygen, the 
latter being united to both carbon atoms ; whilst in like manner 
No. 111. indicates that one atom of oxygen in the formula 
of. the upper lino is liuked to another atom of oxygen in the 
formula of the lower line, by an atom of barium. 

Use of thick letters . — As a rule, the formula) in this book are 
so written as to denote that the element represented by the 
first symbol of a formula is directly united with all the active 
bonds of tho other elements or compound radicals following 
upon the same line : thus the formula SO a Ho a (sulphuric acid) 
signifies that the hexad atom of sulphur is combined with the 
four bonds of the two atoms of oxygen, and also with the two 
bonds of the two semi-molecules of hydroxyl. Such a formula 
is termed a constitutional formula •. 

Occasionally, however, owing to the atomic arrangement of 

* For further information on this subject tee Atomiott or Suhovs sad 
Ooitrotnro Radicals, pages 17 and 26. 
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a compound not being known, its formula cannot be written 
according to this rule ; and in order to prevent such molecular 
or empirical formula * from being mistaken for constitutional 
formula, the first symbol of a constitutional formula will 
always be printed in thick type. It deserves also to be men- 
tioned that, as a rule, the element having the greatest number 
of bonds will occupy this prominent position. Thus, 

Sulphuric acid SO a IIo a . 

Water OH a . 

Nitric acid NO a IIo. 

Microcosmic salt POlIoAmoNao. 

Atomicity of Elements. — It. has been already stated that 

the atomic weight of an element is the smallest proportion 

by iveight in which that element enters into or iB expelled 
from a chemical compound. The atoms of the various ele- 
ments, the relative weights of which aro thus expressed, 
exhibit very different values in chemical reactions. Thus an 
atom of zinc is equivalent to two atoms of hydrogen ; for, when 
zinc is brought into contact with steam at a high temperature, 
one atom of zinc expels from the steam two atoms of hydrogen 
and occupies their place — thus, 

Oil, + Zn « OZn + II a . 

Water. Zincic oxide. 

Again, when zincic oxide is brought iuto contact with hydro- 

* A molecular formula, sometimes called rational, is one in which the 
atomic composition of a molecule is expressed, but without reference to the 
manner in which the elements are combined amongst themselves. An em- 
pirical formula merely expresses, by the smallest integers, the proportional 
number of atoms of each element entering iuto the composition of a compound. 
Thus the three formula* of fjprric hydrate are written : — 


Empirical formula FelI a O a ' 

Molecular Fe a H a 0 6 . 

Constitutional „ Fe a lio f . 


Thus both constitutional and rational formula are essentially molecular 
formula, whilst empirical formula afford no indication of the number of 
atoms entering into the composition of a molecule ; they are, in fact, only 
used to re pre s en t bodies the molecular weights of which are unknown. 

YOL. I. C 
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chloric acid, the place of the zinc becomes once more occupied 
by hydrogen, but two atoms of hydrogen are found to be neces- 
sary to take the place of one atom of zinc : 

OZn + 2HC1 = ZnCl a + OH # . 

Zincie oxidr. Hydrochloric arid. Zincic chloride. Water. 

In like manner one atom of boron can be substituted for 
three atoms of hydrogen, one atom of carbon for four, one of 
nitrogen for five, and one atom of sulphur for no less than six 
atoms of hydrogen. 

This combining value of the elementary atoms is termed 
their atomicity, equivalence , or atom-fixing power ; and an ele- 
ment with an atom -fixing power equal to that of one atom of 
hydrogen is termed a monad , with twice that power a dyad 
with thrice a triad , with quadruple a tetrad , with quintuple a 
pentad , and, with an atom-fixing power equal to six times that 
of hydrogen, a hexad. 

To avoid any speculation as to the nature of the tie which 
enables an element thus to attach to itself one or more atoms 
of other elements, I have named each unit of atom-fixing 
power a bond, — a term which involves no hypothesis as to the 
nature of the connexion. A monad element has obviously 
only one such bond ; a dyad, like zinc, two; a triad, like boron, 
three, and so on. The number of bonds possessed by an ele- 
mentary atom may be graphically represented by lines in the 
following manner : — 


Hydrogen 

II- 

Zinc 

-Zn- 

Boron 

n b / 

1 

Carbon 

-b- 

1 

Nitrogen 

\l ' 

N 

/ \ 

Sulphur 

-8- 

/ \ 
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In symbolic notation, the same idea is conveyed by the use 
of dashes and Roman numerals placed above and to the right 
of the symbol of the element ; thus, 


Hydrogen 

.... H\ 

Carbon 

.... C\ 

Zinc 

... Zn", 

Nitrogen 

.... N% 

Boron 

.... B'", 

Sulphur 

.... 8« 


Elements with an odd number of bonds are termed perissads % 
whilst those with an even number are named artiads . 

No element, either alone or in combination, can exist with 
any of its bonds disconnected ; hence the molecules of all ele- 
ments with an odd number of bonds are generally diatomic , and 
always polyatomic ; that is, they contain two or more atoms of 
the element united together. Thus, 



Symbolic. 

Graphic. 

• Hydrogen 

H, 

H — H 

Chlorine 

•••• C! a 

Cl— Cl 

Nitrogen 

•••• K’. 

N-ttN 




Phosphorus 

•••• P\ 

PI HI 


P==P 

An element with an 

even number of bonds can exist os a 

monatomic molecule, 

its own bonds satisfying each other. 

Thus, 

Symbolic. 

Graphic. 

Mercury 

Kg' 

c!'_D 

Cadmium 

Cd” 

C cd ) 

Zinc 

Zn" 


It is nevertheless obvious that such 

an element may also 

exist as a polyatomic molecule. Oxygen furnishes us with an 
example of this ; for in its ordinary condition it is a diatomic 

molecule, and in the allotropic form 

of ozone, a triatomie 


molecule : 

c 2 
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Oxygen 
Ozone . 


Symbolic. 

o", 

o" 


Graphic. 

0=0 

0-0 

\ / 


In order to avoid the unnecessary use of atomicity-marks in 
symbolic notation, 1 shall never attach them to a monad, or to 
oxygen, which, it must be remembered, is always a dyad. Neither 
will the atomicity-coefficient be attached to the tetrad element 
carbon, in the formula? of organic bodies, unless this element 
plays the part of a dyad — an occurrence of extreme rarity. 
When not otherwise marked, therefore, carbon must always be 
understood to be a tetrad. 

It will also, as a rule, be unnecessary to mark the atomicity 
of the elements which are expressed by symbols in thick type, 
because their atomicity is clearly indicated by the sum of the 
atomicities of the elements or compound radicals placed to their 
right, or connected with them perpendicularly by a bracket. 
Thus in the formula 


JCC1, 

1 ocy 


each atom of carbon is united with three atoms of the monad 
chlorine, whilst the bracket indicates that the two atoms of 
carbon are also united by one bond of each, thus denoting C 
to be a tetrad element. 

From what has just been said with regard to carbon, it is 
evident that the atomicity of an element is, apparently at least, 
not a fixed and invariable quantity : thus uitrogeu is sometimes 
equivalent to five atoms of hydrogen, as in ammonic chloride, 
(N*H 4 C1), sometimes to three atoms, as in ammonia (N"'H # ), 
and sometimes to only one atom, as in nitrous oxide (ON a ). 
But it is found that this variation in atomicity always takes 
place by the disappearance or development of an even number 
of bonds : thus nitrogen is either a pentad, a triad, or a monad ; 
phosphorus and arsenic, either pentads or triads ; carbon and 
tin, either tetrads or dyads ; and sulphur, selenium, and tellu- 
rium, either hexads, tetrads, or dyads. 
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These remarkable facts can be explained by a very simple 
and obvious assumption, viz. that one or more pairs of bonds be - 
longing to the atom of an element can unite and, having saturated 
each other , become , as it were , latent . Thus the pentad element 
nitrogen becomes a triad when one pair of its bonds becomes 
latent, and a monad when two pairs, by combination with each 
other, are, in like manner, rendered latent, — conditions which 
may be graphically represented thus: — 

Triad. Monad. 

9 . 

V KJ 

And in the case of sulphur : — 


Hexad. 

Tot rad. 

Dyad. 

\ / 

\ / 


-s- 

-S- 

-s- 

/ \ 




Adopting this hypothesis, it will be convenient to distinguish 
the maximum number of bonds of an element as its absolute 
atomicity , the number of bonds united together as its latent 
atomicity , and the number of bonds actually engaged in linking 
it with the other elements of a compound as its active atomicity . 
The sum of the active and latent atomicity of any element must 
evidently always be equal to the absolute atomicity. Thus in 
sulphuric acid (S ri O a iro 3 ) the absolute and active atomicities 
are both =vi, therefore the latent atomicity =0. In sulphu- 
rous acid ( "S"OHo a ) the active atomicity *=iv, and conse- 
quently the latent « vi — iv = ii ; whilst in sulphuretted hydro- 
gen (‘ISTH.,) the active and latent atomicities are respectively 
ii and iv. 

The apparent exceptions to this hypothesis nearly all dis- 
appear on investigation : thus iron, which is a dyad in ferrous 
compounds (as FeCl,), a tetrad in cubical pyrites (FeS" a ), and 
a hexad in ferric acid (FeO a Ho a ), is apparently a triad in ferric 
chloride (FeCl t ) ; but the vapour-density of ferric chloride 
shows that its formula must be doubled — that, in fact, the two 


Pentad. 

\l / 

N 
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atoms of the hypothetical molecule of iron (Fe,) have not been 
completely separated. The formulae of the ferrous and ferric 
chlorides and of ferric acid then become 


Symbolic. 

Ferrous chloride. . . , *Pe"Cl 8 . 


Graphic. 


Cl — Fe- 


Cl 


Ferric chloride 


or 


f 'Ted, 
VPeCi.; 

'Te'.n.. 


"FeCl, 

"PeCL 


Cl— ft— Cl 

Cl — l-’o — Cl 

u 

Cl Cl 

Cl— Fo— jl— Cl 

I I 

Cl Cl 
Cl Cl 

u u 

Cl— 1V-1W-C1 

I I 

Cl Cl 


Ferric acid 


O 

II 

Fe v, O a IIo a . H — O — Fo— 0 — II 

4 


It will be remarked that the number of bonds supposed to 
be combined with each other in the atom of iron in ferrous 
chloride is expressed in one of the above formulas by the ato- 
micity numeral it placed to the left of the symbol, whilst the 
analogous union of three bonds of each atom of iron in ferric 
chloride is expressed by the three dashes * to the left of the 
symbol Pe 8 . I shall not, however, use these coefficients of 
latent atomicity in the case of the single atom of an element, 
the student being supposed to have made himself acquainted 
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with the absolute atomicity of every element as expressed in 
the Table at page 32. For a similar reason, it will also rarely 
be necessary to express the same idea in graphic notation : thus, 
for instance, ammonia will be drawn 

II II 

I and not I 

H — N — H II — N — II 

u 

It will be necessary, however, to employ these coefficients in 
symbolic formula? where two or more atoms of the same ele- 
ment are joined together uuder such circumstances that the 
number of bonds uniting them cannot be found by subtracting 
the coefficient of active atomicity from the absolute atomicity 
of the element ; as in hydrie persulphide ('S'JiJ, for instance, 
which might otherwise be viewed as or ’S',!!,. 

In rare cases, in which oxygen links together two elements 
or radicals in the same line of a formula, a hyphen is placed 
before and after the symbol O, thus : — 

f CII a -0-CMe() 

\ CII,-0-CMeO* 

Diaoetie glycol. 

Gkaphic Notation. — This mode of notation, although far 
too cumbrous for general use, is invaluable for clearly showing 
the arrangement of the individual atoms of a chemical com- 
pound. It is true that it expresses nothing more than the 
symbolic notation of the same compound, if the latter be written- 
and understood as above described ; nevertheless the graphic 
form affords most important assistance, both in fixing upon the 
mind the true meaning of symbolic formula?, and also in making 
comparatively easy of comprehension the probable internal ar- 
rangement of the very complex molecules frequently met with 
both in mineral and organic compounds. It is also of especial 
value in rendering strikingly evident the causes of isomerism 
in organic bodies ; and it is now almost universally employed 
by chemists in describing the results of their new discoveries. 
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Graphic notation, like the above method of symbolic notation, 
is founded essentially upon the doctrine of atomicity, and 
consists in representing, graphically, the mode in which every 
bond in a chemical compound is disposed of. Inasmuch, how- 
ever, as the principles involved are precisely the same as those 
already described under the heads of symbolic notation and 
atomicity or elements, it is unnecessary here to do more 
than give the following comparative examples of symbolic and 
graphic formula? : — 



Symbolic. 

Graphic. 

Water 

OH,. 

H— 0— H 

0 

II 

N — 0 — H 

II 

0 

H 

Nitric acid 

.... NO a IIo. 

A mmonic chloride 

.... NH.Cl. 

| 

II— N— Cl 
/ \ 

II H 

0 

Lo 

II 

0 

0 

Sulphuric anhydride . . 

SO, 

Sulphuric acid 

.... SO,Ho, 

II 

H— 0— S— 0- 

4 

Carbonic anhydride 

CO, 

o=c=o 


Potassic carbonate COKo s . K — 0 — C — 0 — K 
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Graphic. 

II 

H— C— H 

I 

II 

II H II II 

\ / \ / 

Ammonic carbonate. CO Amo... H — N — O — 0 — O — N — II 

J I' I 

H O H 

O O 

N — O — Zn — O — ?! 

4 4 

It must be carefully borne in mind that these graphic for- 
mulas are intended to represent neither the shape of the mole- 
cules, nor the supposed relative position of the constituent 
hypothetical atoms. The lines connecting the different atoms 
of a compound, and which might with equal propriety be drawn 
in any other direction, provided they connected together the 
same elements, serve only to show' the definite disposal of the 
bonds, the latter again being only a concrete symbolic expres- 
sion of an abstract train of reasoning : thus the formula for 
nitric acid indicates that two of the three con- 
stituent atoms of oxygen are combined with O 

nitrogen alone, and are consequently united q jj 

to that element by both their bonds, whilst n 
the third oxygen atom is combined both with o 
nitrogen and hydrogen. , 

The lines connecting the different atoms of a compound are 
but crude symbols of the bond of union between them ; and it 
is scarcely necessary to remark that no such material connexions 
exist, the bonds which actually hold together the constituents 
of a compound being, as regards their nature, entirely unknown. 

It deserves also to be here mentioned that graphic, like sym- 
bolic formulae, are purely statical representations of chemical 


NO a O 

Zincic nitrate Zn" 

NO O 


Symbolic. 

Marsh-gas CH 4 . 
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compounds ; they take no cognizance of the amount of poten- 
tial energy associated with the different elements. Thus in the 
formula for marsh-gas and carbonic anhydride, 


II 



Marnh-gafi. 


o=c=o 


Carbonic anhydride. 


there is no indication that the molecule of the first compound 
contains a vast store of force, whilst the last is comparatively 
a poworless molecule. 


CHAPTER IV. 

COMPOUND RADICALS. 

The term compound radical may be applied to any group of 
two or more atoms, which takes the place and performs the 
functions of an element in a chemical compound. In practice, 
however, it is only applied to any such group when the latter 
is met with in numerous chemical compounds. 

An element is a simple radical , and enters into combination 
in the following manner (<i, ft, c, and d being monad elements, 
a" a dyad, <*'" a triad, and « i? a tetrad element) : — 

a + b = ab, 
a" 

Ac. Ac. 

A group of elements replacing a, a", or s'" in the above equa- 
tions is a compound radical , as in the following examples : — 
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(o"b) + b=*(a"b)b, 

(a'"b)" + 2 b-(a’"byb„ 

(a f 'bc) + £«(a"'6c)&, 

(a«&c)" -f 2&sBs(a iv ta)"6 a , 

(airbed) «+• &= (a ir bcd )b. 

The group of elements ( a'b ) constitutes a compound monad 
radical equivalent to one atom of hydrogen or chlorine. The 
group (a "b) n is a compound dyad radical, <fcc. It is there- 
fore evident that a poly ad element is essential to every com- 
pound radical ; in fact a compound radical consist s of one orf 
more atoms of a polyad element in which one or more bonds are j 
unsatisfied ; and it is either a monad, dyad , triad , Sfc. radical , I 
according to the number of monad atoms required to satisfy its\ 
active atomicity. Such a radical, when a monad, triad, or pentad, < 
cannot exist as a separate group ; like hydrogen or nitrogen, 
when isolated, it combines with itself, forming a duplex mole- 
cule. It is only by the union of two atoms or groups of atoms 
that the vacated bonds can in these cases be satisfied. 

From the above definition of a compound radical, it is evi- 
dent that an almost infinite number of such bodies must exist ; 
for in the compounds of every polyad element it is only neces- 
sary to vacate successive bonds to create each time a new com- 
pound radical. Thus marsh-gas C1I 4 minus one atom of hy- 
drogen gives the compound radical methyl CH, ; minus two 
atoms of hydrogen, it forms methylene (CII a )" ; and by the 
abstraction of three hydrogen atoms it is transformed into the 
triad radical formyl (CH)"'; but, except in a few cases, it is 
not advantageous thus to incorporate, as it were, compound 
radicals, which, instead of simplifying notation and nomencla- 
ture, would, if thus multiplied, only embarrass them. No 
compound radical, therefore, ought to receive recognition as 
such, unless it can be shown to enter into the composition of a 
large number of compounds. 

The following are the names, symbols, and formulas of the 
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chief inorganic compound radicals recognized in the notation 
of this book 



Molecular 

formal®. 

Sctnimolccular 

formal®. 

Bemimolccular 

•rrabols. 

Hydroxyl 

(HO), 

HO 

Ho. 

Hydrosulphyl . ... 

(HS), 

HS 

Hs. 

Ammonium 

(NH 4 ), 

NH, 

Am. 

Ammonoxyl 

(NII.O), 

nii,o 

Amo. 

Amidogen 

(Nil,), 

NH, 

Ad. 

In addition to these, certain compounds which metals form 

with oxygen are also 

regarded 

as compound 

radicals — for 

instance, 

Molecular 

formula*. 

Bcmimolrcular 
or combining 
form ill*. 

Bemimolccular 
or onmbining 
ajmboli. 

Potassoxyl 

(KO), 

KO 

Ko. 



f ° 


Zincoxyl 

.. (ZuO,) 

« Zn" 

lo 

Zno". 


The essential character of these last compound radicals is 
that the whole of the oxygen they contain is united with the 
metal by one bond only of each oxygen atom, as seen in the 
following graphic formula: — 

Hydroxyl : — O — H 

Potassoxyl — O — K 

Zincoxyl — O — Zn — O — 


The metal thus becomes linked to other elements by these 
dyad atoms of oxygen. The functions of such compound radi- 
cals will be sufficiently evident from the following examples of 
compounds into which they enter, and in which their position 
is marked by dotted lines. 



Nitric acid 
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Potassic Bulph&te 


Baric nitrate 


Zincic sulphate 


O 


K — O— S-i 

II 

O 


-O — K 


O 


O 

II ' !i 
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Zn 
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It is not necessary to dignify all these metallic compound 
radicals with names ; the chief point of importance about them 
is their abbreviated notation, in which the small letter o is 
attached to the symbol of the metal, the atomicity of the radical 
being marked in the usual manner. Although the small letter 
o in these symbols of combining quantities has no more refer- 
ence to the composition of the radical than the d in the corre- 
sponding symbol of amidogen, yet it may usefully remind the 
reader that oxygen is always a constituent of the compound 
radicals bo symbolized. It must be borne in mind that the 
number of atoms of oxygen in any radical of this class depends 
upon its atomicity : thus a monad contains only one atom of 
oxygen, a dyad two, and a triad always three atoms of oxygen. 
The use of any but monad and dyad metallic compound radicals 
is very rare. 
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CHAPTER V. 

ATOMIC AND MOLECULAR COMBINATION. 

In all tb© cases of chemical combination considered in the above 
Chapters, a union of atoms has been invariably contemplated. 
This atomic union is generally attended by the breaking up of 
previously existing molecules — two such molecules, by the 
mutual exchange of their atomic constituents, producing two 
new and perfectiy distinct molecules. Thus when chlorine 
unites with hydrogen to form hydrochloric acid, a molecule of 
chlorine and one of hydrogen yield up their constituent atoms, 
forming two molecules of hydrochloric acid, 

Cl a +H,=2IICl. 

In comparatively rare cases, two molecules combine to form 
only one new molecule ; thus a molecule of carbonic oxide and 
one of chlorine combi tie to form one molecule of carbonic oxy- 
dichlorido or phosgene gas : but the union is even here essen- 
tially atomic ; for after combination both the oxygen and chlo- 
rine are directly united with the atom of carbon : 

C"0 + Cl a = C"OCl a . 

Carbonic oxide. Chlorine. Phoegene gas. 

Chemists are, however, compelled to admit an entirely dif- 
ferent kind of union, which not unfrequently occurs, and which 
in conformity with the atomic hypothesis, may be appropriately 
termed molecular union or molecular combination . In the for- 
mation of such compounds, no change takes place in the active 
atomicity of any of the molecules. It is this kind of combi- 
nation which holds together salts and their water of crystalli- 
sation, as, for instance, 

Sodic chloride crystallized at -10° C NaCl, 20H a . 

Sodic bromide crystallized below + 30° C .NaBr,20H,. 

Sodic iodide crystallized below -f 50° C . . . Nal, 20H a . 
Alum S 4 0,CA1 '.OJ^Ko,, 24QH,. 
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Numerous other instances of molecular combination might 
be adduced ; but it is only necessary here to point out that such 
molecular unions will be distinguished from atomic combina- 
tions by the use of the comma, as in the above and following 
examples : 

Tetraraethylammonic tri-iodide NMe 4 1, I a . 

Tetramethylammonic pentiodide NMe 4 1, 2I a . 

Tetramethylammonic iodo-dichloride NTVIe 4 1, Cl a . 

In all cases molecular combination seems to bo of a much 
more feeble character than atomic union ; for, in the first place, 
such bodies arc generally decomposed with facility ; and se- 
condly, the properties of their constituent molecules are 
markedly perceptible in the compounds. Thus the above so- 
called periodides of the organic baseB greatly resemble iodine in 
appearance. 


CHAPTER VI. 

CLASSIFICATION OF ELEMENTS. 

It has already been mentioned that the elements may be 
divided into two great classes, the metals and the non-metals 
or metalloids. A second division into positive and negative 
elements has also been explained. A third and still more im- 
portant classification is founded upon the atomicity of the 
elements. In the following classified Table all three methods 
are embodied, the metalloids being printed in red type, and the 
metals in black, whilst the positive elements are printed in 
Roman characters, and the negative in italics. In addition, 
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the different classes are also divided into sections, consisting of 
elements closely related in their chemical characters. 


| Monad*. 

1 . 

Dyad*. 

Triad*. 

Tetrad*. 

Pentad*. 

Hexad*. j 

1 

1 1st Section. 

Uvtr.<ri. 

lit Section. 

V v<r»'> 

lot Action. 

Huron 

1st Section. 

Cr.r* os 

1st Section. 

§*;. V.i.'.’r^ 

1st Section, i 

’yhur. j 

i'e.i-.tum j 

2nd. Suction. 

2nd Section. 

2nd Section . 

Tin. 

Titanium. 

Vanadium. 

Arsenic. 

Tellurium. 

?r:;: 

Barium. 

Strontium. 

Calcium. 

Magnesium. 

Zinc. 

Gold. 


Antimony. 



Bismuth. 

2nd Section, j 

1 w- 

i /c.i.i it 

3rd Section. 

Thallium. 

Thorium. 

Niobium. 


Tungsten. . 
Molybdenum.' 



Tantalum. 


3rd Bection. ( 
Osmium. j 
Iridium. ' 

Ruthenium. ! 
Rhodium. 1 

1 3rd Section. ' 
1 Canitim. 

, Rubidium, 
i Potassium. 1 
j Sodium. | 

3rd Section, j 
Didrmium. j 
Lanthanum. | 
Yttrium. 
Ulucinum. 

| 

Zirconium. 

Aluminium. 

Indium. 


! j 

3rd Section. 


| Lithium. | 



Platinum. ! 

Palladium. 1 


4th Bection. j 

1 

• 4th Section, j 
Silver. J 

j 

[ 

4th Section, j 
Cadmium. 
Mercury. j 

Copjunr. i 


1 


Chromium. 
Manganese, j 
Iron. 

Cobalt. i 

Nickel. 
Uranium. 
Cerium. 1 

1 

i 

i 

i 

4th Section. 

Lead. 

' 

! 


CHAPTER VII. 

WEIGHTS AND MEASURES. 

The weights and measures employed in this book are chiefly 
those of the French decimal system, founded upon the metre, 
which is -~J 0 ' 000 th part of a quadrant of a great terrestrial 
circle. The following Tables, published by Messrs. De La Rue 
and Co., will enable the student to convert these into their 
English equivalents whenever it may be necessary. 
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French Measures of Length. 



1 

[ In English 
, inches. 

i 

In English 
feet — 12 
inches. 

| In English 
i yards =3 feet. 

In English 
bit horns = d 
feet. 

in English 
mi !<-*.= 

17tH* v»rd». 

’ 

Millimi-tre .. 

, . 00:5937 

o-ouaani 

i o*ooioy:5»5 

o-ooOMOs 

0'000**00*5 

Centimetre . . 

...! 0 * 3937 » 

0 - 032*09 

! 0 - 01093*53 

o*ot*.\4«92 

0-000**0*52 

Decimetre .. 

3 * 9370*1 

o-32*<u9o 

01093633 

0-(C»4rtHlrt 

0-000**621 

MHre 

39*37079 


. i •ov»:i*i:;:u 

0-51*5* 1*55 

o-oo* wan 

Deeami'tre .. 

393-70790 

I 32*o«q492 

iont;<H.*.uo 1 

(*-.K5r|i555 

. 0*0062 139 

Hectometre 

W.(7-"7i*<*0 

:t2*'<eq.se.>o 

lole.^WtlOO 1 

ft-l •*>81*5560 

o <*521392 

Kilometre 

... 3937o-7»*oo*> 

■ 32**0'*i99 JOO 

1 093-1533 IWlo ! 

546-31 155600 

n-»52lo«2i 

Myrionietre 

... 393707-90000 

32*09-992***0 

10936-3310000 

5 163- 1 *555000 

rt*ai:t>244 

1 inch 

sr'J " 539954 centimHre*. 

1 rnnl~0*(M f metre. 


1 foot 

= .V0| 79119 deein 

ictres. 

1 milest l 11* kilomttre. 


French Measures of Surface. 


I Tn English 

In English square yards 
1 square . - 0 square 

feel. 


Ontiarc nr sq. metre 
A r*> nr l**osq. metres 
Hectare or io,t»m* 
square metres . \ 


In- 76421*9 
)l>7rt 421*934 
I’7dl2 , i*9.iil*' 


nmi 
J l9-«u*:t:i2*> 
1 |9*5o:;“ 26* -j 


Tn English In English Jin English 
|« lies— roods* Meres — 

272-26 sq. In*' 1*0 sq. , 4-CiiUt sq. 
fet (. feet. feet. 


omioo9s<> j 0 - 00024 7 1 
Ji-o.’a-at*** o-o 9 r* 4‘»7 0-0217111 


MC.'.’if-y tors j;, 7 j» t 


2*4711431 j 


1 square inch — 6 -l.'.ruVH* square centimetres. 

1 square foot =riea**l*l*rt'‘;> square decimetre*. 

1 square yard v-o s :Oi<o7l,\ »qunrc metre or eentiare, 
1 (lore i=0-4l*l»»7 IttJ hectare. 


French Measures of Capacity. 


! 


In cubic 

i in I'inbe 

1 11 gltlinllS 

Tn bushels i 

i 

In cubic 

feet t- 

j ;<i‘«5.v.«23 

*- - units , 

“_*• gallons : 

! 

inches. 

172'* cubic 

cubic , «277*27 o - I . 

« 221 *■■19075 



inches. 

inches. > 

•nine iiiehea.t 

•tiluc inches. 

Millilitre or cubit cen- ( , 

00*5103 . 

0000036 

O-uOlJO 

0-0002201 1 

0' 00002 <6 

Centilitre or 10 cubic 1 

0(51027 j 

0-000353 ' 

1 ! 

o-Ol 7*H j 

<*•0022010 

0-001*2761 

Decilitre or 100 cubic \ '■ 
eentimttre* 5 

! 

*5-10271 

0-0 (WWW 

| 0-17*5o**. : 

0-0220**97 

0-0027612 

Litre or cubic deciini-trr 
Decalitre or eontist^rv ! 

fll-027o.', 

o o:i.vt!7 ' 

' !‘70d77 

*0 220**967 i 

(*<♦276121 

610-27062 

<*•3631*56 

1 17 *50773 

2-2<H»9fl«H | 

**■2751203 

Hectolitre or d,*cist£re 

<51«2?VMf> 

3-531653 

; 17*5-o77ot 

22-000*5677 

2'76l20*<6 

Kilolitre, or 8t*re. or f ) 
cubic uitr« 5 

61u2706152 

35-316691 

' 17*50-77311 220-09*5*5767 j 

275120946 

Myriolitre or dfcast£re «1027<>'6161S* 'wHW7 

1 7*K*7-731 1 1 22o0-9667«7*> i 

276" 1 20-0160 


1 enhio inch* 16*38(117*5 cubic centimetre*, 

1 cubic foot » 28' 3 153 1 2 cubic decimetres or litre*. 
1 gallon Bs 4 fr433T>e litre*. 
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Milligramme 0 01 MU 0-000012 ! <*0**00022 J 0-0000000 | 0-0000000 

Centigramme 0-1M12 0-*n*<>i22 0-i*0im*22i* 1 0-(X*<>0002 : 0*0(H»0000 > 

Decigramme 1 -M 121 <M* 012 li. , 0-(kk»22O.'i ■ 0- 0000020 ; 0‘00(K*001 

Gramme 1 .V 432 M 0012IM 0-0022040 : o-(M**ol«7 o-00<*<*010 r 

Decagramme 1M-22140 t 0-12 1 .'>07 o- (>22o4*12 > 0*0001 MS ! 0 - 0 <* 00 UM i 

Hectogramme KWl-m** 1-2lft<>71 0 - 220102 ! 0-t*0hWW| l 0-0000084 i 

Kilogramme ]M 12 *:M *"0 l2l. r ."727 2 2040211 1 0‘ 0 1 00*41 0-0000*42 

Mynogramme 1M221'4S*0U 221 -.*.07207 22 0402120 0- 106*412 , 0-020*421 

1 grain = 0-0*14702 gramme. 1 lb. avoir. = 0-4.'»rWf*1 kilogr. 

1 trov nr. « 2 1- 1*>:<400 grammes. 1 ewt. -s-50-802177 kilogm. 


1 metrckilognwnnu*-- 7*2124 foot Ibx. 


French Measures of Weight. 


, r , , In Trov ! In avoirtlu- 1 Incwts.= 1 Ton— 

•pISm!*™ ouneeair ' poin lbn.= I 112 lb*. = 20 certs. ■ 

grama. 4S0 prain( |. 70tM> graina. ! 784000 gra. !lf>08OOO()gra.; 


Temperatures are expressed upon the Centigrade scale ; and 
barometric measurements are given in millimetres. 

For the ready conversion of gaseous volumes into weights, I 
have adopted the crith , or standard multiple proposed by Dr. 
Hofmann. The crith is tin* weight of one litre, or cubic deci- 
metre, of hydrogen at 0° C. and at a pressure of 700 millimetres 
of mercury. The following is Dr. Hofmann’s description of 
the value and applications of this unit. 

“ The actual weight, of this cube of hydrogen, at the standard 
temperature and pressure mentioned, is 0 0896 gramme ; a 
figure which T earnestly beg you to inscribe, as with a sharp 
graving tool, upon your memory. There is probably no figure 
in chemical science more important than this one to be borne 
in mind, and to be kept ever in readiness for use in calculation 
at. & moment's notice. For this litre- weight of hydrogen 
=00890 gramme (1 purposely repeat it) is the standard 
multiple, or coefficient, by means of which the weight of one 
litre of any other gas, simple or compound, is computed. Again, 
therefore, I say, do not let slip this figure — 0 0896 gramme. 
So important, indeed, is this standard weight unit, that some 
name — the simpler and briefer the better — is needed to denote 
it. For this purpose 1 venture to suggest the term crith , de- 
rived from the Greek w ord jcfuthy, signifying a barley-corn, and 
figuratively employed to imply a small weight. The weight 
of 1 litre of hydrogen being called 1 crith, the volume-weight 
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of other gases, referred to hydrogen as a standard, may be ex- 
pressed in terms of this unit. 

“ For example, the relative volume-weight of chlorine being 
35*5, that of oxygen 10, that of nitrogen 11, the actual weight 
of 1 litre of each of these eleinenlary gases, at 0° C. and 0 ,M *76 
pressure, may be called respectively 35*5 criths , 10 criths, and 
14 criths. 

“So, again, with reference to the compound gases; the rela- 
tive volume-weight of each is equal to half the weight of its 
product -volume. Hydrochloric acid ( 1 1 Cl), for example, con- 
sists of 1 vol. of hydrogen 4 1 vol. of chlorine = 2 volumes ; or, 
by weight, 1 4 35*5 =30*5 units; whence it follows that the 
relative volume-weight of hydrochloric acid gas is -—’ = 18*25 
units ; which last figure therefore expresses the number of 
criths which one litre of hydrochloric acid gas weighs at 0° C. 
temperature and 0 n, *7(» pressure ; and the crith being (as I 
trust you already bear in mind) 0*0890 gramme, we have 

18-25x0 0896= 1*0352 

as the actual weight in grammes of hydrochloric acid gas. 

“ So, once more, as the product-volume of water-gas (lI a O) 
(taken at the above temperature and pressure) contains 2 
vols. of hydrogen 4- 1 vol. of oxygen, and therefore weighs 24 10 
= 18 units, the single volume of water-gas weighs — =9 units ; 
or, substituting as before t lie concrete for the abstract value, 
1 litre of water-gas weighs 9 criths ; that is to say, 9x0 0890 
gramme, =0*8001 gramme. 

“ In like manner the product-volume of sulphuretted hydro- 
gen (H a S) = 2 litres of hydrogen, weighing 2 criths, 4l litre 
of sulphur-gas, weighing 32 criths, together 2 432 = 34 criths, 
which, divided by 2, gives ~ =17 criths = 17 x 0 0890 gramme 
= 1*5232 gramme = the weight of 1 litre of sulphuretted hydro- 
gen at standard temperature and pressure. 

“And so, lastly, of ammonia (N1I 3 ); it contains in 2 litres 
3 litres of hydrogen, weighing 3 Criths, and L litre of nitrogen, 
weighing 14 criths ; its total product-volume- weight is there- 
in 
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fore 3 + 14=17 criths, and its single volume or litre weight is 
consequently 

-J ==8*5 criths=8'5x0 089G gramme =0*7616 gramme. 

“Thus, by the aid of the hydrogen -litre-weight or crith 
=00896 gramme, employed as a common multiple, the actual 
or concrete weight of 1 litre of any gas, simple or compound, 
at standard temperature and pressure, may be deduced from 
the mere abstract figure expressing its volume-weight relatively 
to hydrogen.” 

The number expressing in criths the weight of 1 litre of any 
gas or vapour being identical with its specific gravity compared 
with hydrogen taken as unity, it iH easy, when this number 
is known, to calculate the specific gravity of the gas compared 
with air taken as unity. Tor this purpose it is only necessary 
to multiply by •0693, which is the specific gravity of hydrogen 
compared with air =1. 

Tlius the specific gravity of oxygen compared with air is 
16x 0693= MOSS; 

of chlorine, 

85-5 x 0693 = 2 16015; 
of hydrochloric acid, 

18*25 x 0693=1-264725. 


CHAPTER VIII. 

MONAD ELEMENTS. 

Section I. 

HYDROGEN, H 3 . 

Atomic xoeight = 1 . Molecular weight =2. Molecular volume 
m . 1 litre weight 1 erith. Atomicitg ', being the standard 
of comparison. 
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Occurrence . — In combination, as water, in very largo quan- 
tities in nature. In almost all vegetable and animal sub- 
stances, and in many minerals. In the free state in ibe gases 
of volcanoes. In the sun, certain stars, and nebula'. 

Preparation. — 1. By the action of sodium upon water : — 

20H, + Na, = SOXall + U r 

Water. Sodium. Sodie hydrate. Hydrogen. 

2. By the action of sodium upon dry hydrochloric acid: — 

2HC1 + Na,j = 2NaCl 4- H a . 

Hydrochloric acid. Sodium. Sodie chloride. Hydrogen. 

3. By the action of zinc, iron, or certain other metals on 
hydrochloric acid : — 

2HC1 + Zn = ZnCl„ + II 3 . 

Hydrochloric acid. Zincic chloride. 

4. By the action of zinc, or certain other metals on dilute 
sulphuric acid : — 

SO,Ho, + Zn = SO,Zno" + H a . 

Sulphuric acid. Zincic sulphate. 

5. By passing steam over iron heated to redness: — 

Fe, + 4011, = iv (Pe 3 ) vUi 0 1 + 4H a . 

Water. Trifcrrir tetroxide. 

6. By the action of zinc on a boiling solution of potassic 
hydrate : — 

20KII + Zn * ZnKo 9 + II a . 

Potauic hydrate. Fotawric sine oxide. 

7. By the electrolysis of water and of some other liquids 
containing hydrogen. 

8. By the action of intense heat upon water. 

9. In the destructive distillation of some organic substances. 
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Section II. 

CHLORINE, Cl 3 . 

Atomic weight as 35* 5. Molecular weight— 7\. Molecular volume 
m . 1 litre weighs 35*5 criths. Has not been solidified. 
Liquefies at 15°*5 C., under a pressure of 4 atmospheres. 
Atomicity '. Evidence of atomicity , IIC1. 

Occurrence. — Always in combination — with sodium and other 
metals in sea-water, and in the solid state in the salt-beds of 
Cheshire, Worcester, Ac. Evolved from volcanoes in the form 
of hydrochloric acid. 

Preparation. — 1. By heating certain metallic chlorides, as 
platinic and auric chlorides : — 

ptn, = 2a, +rt. 

Platinic chloride. 

2. By gently heating a mixture of manganic oxide and hy- 
drochloric acid, when the reaction takes place in two stages : — 

MnO a 4- 41 1 Cl = Mn Cl 4 + 2011,; 

Manganic oxide. Hydrochloric arid. Manganic chloride. Watr. 

MnOl, = + Cl 3 . 

Manganic chloride. MnngannUH chloride. 

3. By heating a mixture of sulphuric acid, sodic chloride, 
and manganic oxide, when the whole of the chlorine present is 
liberated : — 

MnO a -f 2SO a Ho a 4- 2NaCl = 80,Nao. 4- 

Manganic oxide. Sulphuric acid. Sodic chloride. Sodic sulphate. 

•0,Mno" + SOH, + Cl,. 

Mangnnoun aulphatc. Water. 

If in the second process a mixture of manganic oxide, hydro- 
chloric acid, and sulphuric acid be employed, the whole of the 
chlorine is evolved : — 

UnO, 4- SO a IIo a 4- 2H01 = 

Manganic oxide. Sulphuric acid. Hydrochloric acid. 

80,Mno" + 20 H, + Cl,. 

Mangaaoua aulphatc. Water. 
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4. By the electrolysis of hydrochloric acid. 

5. Cuprous chloride, heated in air and moistened with hydro- 
chloric acid or, heated in a current of hydrochloric acid gas, 
steam and air, produces cupric chloride. By raising the tempe- 
rature chlorine is evolved, and cuprous chloride reproduced : — 

Cu,Cl a + (> + 2HC1 = 2CuCl, + OH a , 
and 2CuCl a = Cu a Cl a + CJ a . 

Reactions. — 1. Chlorine and hydrogen, when mixed, unite 
instantly, with explosion, under the influence of sunlight, or 
of powerful artificial light, or on the application of a burning 
body to the mixture. An igniting jet of hydrogen continues 
to burn when plunged into chlorine : 

II 2 + Cl a = 211 Cl. 

2. Chlorine has so great an attraction for hydrogen, that it 
removes the latter from its compounds with carbon. When a 
rag moistened with turpentine is plunged into chlorine, the 
chlorine and hydrogen unite, with evolution of heat and light, 
carbon being liberated : — 

C l0 II !(1 + 8Cl a = 1 Oil Cl + IOC. 

Turftrntiiu*. Hydrochloric »u>id. 


HYDROCHLORIC ACID, Chlorhydric Acid, Muriatic Acid. 
IIC1. 

Molecular weight =30*5. Molecular volume HR . 1 litre 
weighs 18 25 criths. Has not been solidified. Condenses 
at 10°, under a pressure of 40 atmospheres. 

Occurrence . — Evolved from volcanoes. 

Preparation. — 1. From its elements, as above described. 

2. By gently heating sodic chloride with sulphuric acid, pre- 
viously diluted with a small quantity of water : — 
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'SOJIo, + NaCl = SO a HoNao + HC1; 

Sulphuric acul. Sodic chloride. Hydric sodic sulphate. Hydrochloric acid. 

or SOjHo, + 2NaCl = SO,Nao, + 2HC1. 

Sulphuric acid. Sodic chloride. Sodic sulphate. Hydrochloric acid. 

Reaction*. — Hydrochloric acid may be converted into salts, 
termed chlorides, by the action of certain metals, as described 
above, and also by that of the metallic hydrates, or oxides: — 

OKH + II Cl = KC1 + OH a . 

Potnamc hydrate. Hydrochloric acid. PoUumuc chloride. Water. 

ZnO + 211 Cl = ZnC'l, + OH,. 

Ziucic oxide. Hydrochloric acid. Zincic chloride. Water. 

For the remaining monad elements of this Section, see 
Chapter XIV. 


CHAPTER IX. 

DYAD ELEMENTS. 

Section I. 


OXYGEN, O a . 

Atomic weight = 1(5. Molecular weight =112. Molecular volume 
m « 1 litre weighs 16 criths . Atomicity ". Evidence of 


atomicity : — 

Water OII a . 

Potassic hydrate OKH. 

Argentic oxide O Ag a . 

Hypochlorous anhydride OCl a . 


Occurrence . — In the free state, in the atmosphere. In the 
combined state, in water, in most mineral bodies, and in almost 
;all animal and vegetable compounds. 

Preparation. — 1. If metallic mercury be heated to its boiling- 
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point with access of air, it gradually absorbs oxygen, being 
converted into mercuric oxide, Hg 'O. This compound, when 
more strongly heated, is resolved into its elements, 

2HgO - 2Ifg -f O, 

Mercuric oxide. Mercury. Oxygen 

2. By heating native manganic oxide (pyrolusitc), a portion 
of its oxygen is liberated : — 

3MnO a = iv (Mn ;i ) viii O l -f O a . 

Manganic oxide. Trinmnganic tetroxidc. 

3. Oxygen is evolved in nature, in a remarkable manner, by 
the decomposition of carbonic anhydride, C() a , by the green 
leaves of plants, the vegetable assimilating the carbon, whilst 
the oxygen escapes into the atmosphere : — 

co a = V + o. 

Carbonic anhydride. 


4. By the action of heat upon potassie chlorate : — 


(Atomic) 

1 

roci 

0 

OK 

-KOI 

+ 

30; o 

(Molecular) 

roci 

2 l O 
lOK 

PotoMir chlorate. 

=2KC1 

Pntoaw'c 

chloride. 

+ 

30, 

Oxygen. 


5. By mixing the potassie chlorate with manganic oxide, the 
oxygen is evolved at a much lower temperature ; the manganic 
oxide appears to take no part in the reaction. 

6. By dropping concentrated sulphuric acid into a rod-hot 
platinum retort, the acid is decomposed into oxygen, sulphu- 
rous anhydride, and water : — 

(Atomic) SO a Ho a = S0 3 -f OIl 3 -f O ; or 

(Molecular) 2SO a Ho a « 2SO a + 20H a 4- O a . 

Sulphuric acid. Salnhnrou* Water, 

anhydride. 

7. By the electrolysis of dilute sulphuric acid. 
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8. By tbe action of heat upon a mixture of manganic oxide 
and sulphuric acid : — 

( Atomic) MnO a + SO a lIo a = SO a Mno" -f OH a + O ; or 
(Molecular )2MnO a -f 2S() a Ho a = 2SO a Mno" -f 20I1 3 4- 0 2 . 

Manpuiie Sulphuric Manpanoua Water, 

oxide. acrid. Bulphatt*. 

0. By heating a mixture of potassic bichromate and sulphuric 
acid : — 

f CrO.,Ko 

2^0 ‘ + NSO.JIo, = 2SO a Ko a 

(CrO,K<> 

I'otAfMic bichromate. Sulphuric arid. Potaaaic sulphate. 

+ 2S 1 O l ,('Cr" '/),)'• + 30, -f HOH a . 

Chromic sulphate. Water. 

TO. By passing steam and chlorine through a red-hot porce- 
lain tube, hydrochloric acid and oxygen are formed : — 

2011, + 2(1, = 411(3 + O,. 

Water. Chlorine*. Hydrochloric* acid. 

Reaction. — A mixture of two volumes of hydrogen and one 
volume of oxygen explodes at a red heat, water being produced. 
The same compound is formed w hen hydrogen is burnt in oxy- 
gen, or oxygen in hydrogen : — 

(Molecular) 21 I a *f O a = 20H a . 


ALLOTROPIC OXYGEN, or OZONE, 0 3 . 

Molecular trc/yZr/=4S. Molecular volume I 1 I . 1 litre weighs 
24 criths. 

Preparation. — 1. When electric sparks are passed through air, 
or oxygen, a peculiar odour, which is due to ozone, is observed. 

2. By placing phosphorus for a few hours in moist air, at 
about the ordinary temperature. 

8. By passing an electric current through dilute sulphuric 
or chromic acid. 
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Thus obtained, ozone is always mixed with a large proportion 
of air, or oxygen. 

Properties . — Powerfully oxidizing. It oxidizes organic mat- 
ter, silver, and mercury at the ordinary temperature. When 
oxygen is converted into ozone, contraction of volume takes 
place ; and when the ozone is heated to 200°, it is retransformed 
into the original volume of ordinary oxygen, — indicating that 
the molecule of ozone contains more atoms than the molecule 
of ordinary oxygen. 

In most cases of oxidation by ozone no diminution of the 
volume of gas takes place, the additional atoms, previously in- 
troduced into the molecules of oxygen, being removed, and 
ordinary oxygen becoming free. Put. oil of turpentine absorbs 
the whole molecule of the ozone, leaving untouched the oxygon 
which was previously present in the state of admixture. By 
observing the contraction during its production, and the dimi- 
nution of volume produced by absorbing the ozone with oil 
of turpentine, its density may be readily calculated, and con- 
sequently its atomic constitution. 

By this means the specific gravity of ozone lias been shown 
to be 21, the molecular weight being therefore IS, which is the 
weight of 3 atoms of oxygon. 

In ordinary oxygen, the molecule is composed of two atoms 
of oxygen, and is represented by 



weighing 32. 


In ozone, the molecule contains 3 atoms of oxygen, and is re- 
presented by 

0—0 

\ / 


weighing 48. 
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WATER. 


WATER, ITydric Oxide. 

II— O— II OII a . 

Molecular weight— IS. Molecular volume HR . 1 litre of 
water-vapour weighs 0 criths. Melts at 0°. Boils at 100°. 

Occurrence. — Very abundantly in nature. 

Formation. — 1 . By the direct union of hydrogen and oxygen, 
as already described. 

2. As a secondary product, in numberless chemical reactions, 
as, for instance, in the action of hydrochloric acid on potassie 
hydrate : — 

OKU + HC1 = OH a + KC1. 

Potamio hydrate. Hydrochloric aeid. Water. Potaswc chloride. 

Reactions. — 1. By its action many metallic oxides are con- 
verted into hydrates: — 

OK a -f Oil, = 20KII. 

Potaasic oxide. Water. Potowic hydrate. 

BaO + OJI a = BalIo„. 

Baric oxide. Water. Baric hydrate. 

2. It transforms anhydrides into acids : — 

N a O, + OH a = 2NO a IIo. 

Nitric anhydride. Water. Nitric acid 

SO, 4- OH a = SG 3 Ho a . 

8ulj>hurii' anhydride. Water. Sulphuric acid. 

P a O s + 30If a = 2POIIo a . 

Phosphoric anhydride. Water. Phosphoric acid. 

8. It also unites molecularly with many compounds, as 
water of crystallization (see Chapter V.), as in the following 
instances : — 

BaOL,, 2011, Baric chloride. 

SO a Nao a , 10OH, Sodic sulphate. 

S 4 0*Ko a ('A]'" a O e ) Ti , 24011, . . . Potash alum. 
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HYDROXYL, JIgdrie Peroxide. 

II — 0- -0 — H 11,0, or (HO), or JIo, or j q||. 

Probable molecular weight = 34. 

Preparation . — By passing a current of carbonic anhydride 
through water in which baric peroxide is suspended : — 

| QHa" + CO, + OH, = CO lino" + j ® J[ 

Barie peroxide. Carbonic anhydride. Water. Baric carbi mate. Hydroxyl. 

Reactions. — 1. By heat it is decomposed into water and 
oxygen : — 

2 {oil - 20H ‘ + °- 

Ifvdrotyl. Water. Oxygen. 

2. Hydroxyl is transformed into water by the action of nascent 
hydrogen : if hydroxyl be introduced into an apparatus in which 
hydrogen is being generated, the gas ceases to ho evolved : — 

SO, IIo, + 7m + -J q{j = S( ),Zno" + 2011,. 

Sulphuric acid. Hydroxyl. Zincie sulphate. Water. 

3. Hydroxyl liberates iodine from potassic iodide: — 

2KI + {§{{ = 20K1I + I,. 

Potassic iodide. Hydroxyl. Potassic hydrate. Iodine. 

4. Hydroxyl is a powerful oxidizing agent ; it converts, for 
instance, plumbic sulphide into plumbic sulphate: — 

FbS" + 4 | ®|[ = SO,Pbo" + 4011,. 

Hydroxyl. Plumbic sulphate. Water. 


Plumbic sulphide. 
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COMPOUNDS OF CHLORINE WITH OXYGEN 
AND HYDROXYL. 

Oxygen forms many compounds with chlorine and with 
chlorine and hydroxyl ; but none of them can be produced by 
direct combination. The following list contains all that are 
known : — 


8 | Oct 


Ilypochlorous 
anhydride . 

Chloric oxide ? ... j 


Chlorous anhy- 
dride 


OC1 
O . 
OC1 


fOCl 

Chloric peroxide -J q . 

OC1 


roci 
o 

Chloric hvpcr- 1 O 

oxide y j O' 

O 

[OCi 

Ilypochlorous acid, OC1II, or ClHo. 
Chlorous acid . OClIIo, or j 

Chloric acid... j qjj 0 » or 


Cl— 0— Cl 
Cl— 0— O— Cl 

Cl — 0 — O — 0 — Cl 

Cl— O— O— O-O-Cl 


Cl— 0-0-0— 0—0— O-Cl 


II— O— Cl 
II— 0—0— Cl 

H— O— 0—0— Cl 


roci 

Perchloric acid < O , or 
(Olio 


II— 0—0—0— O— Cl 



OXIDES OF CHLORINE. 


HYPOCHLOROUS ANHYDRIDE. 

OCl * 

Molecular weight =87, Molecular volume I 171 . 1 Jftrg 

hypochlorous anhydride vapour weighs 48*0 criths . ifctfr 
about 20°. 


Preparation . — By passing chlorine oyer dry mercuric oxide, 
at a low temperature : — 


2H*0 + 201 a 


Mercuric 

oxide. 


jo * C1 

(HgCl 

Mercuric 

oxychloride. 


+ ' oca,. 

Hypochlorous 

anhydride. 


CHLOROUS ANHYDRIDE. 


OC1 

o . 

on 


Molecular weight — 115). Molecular volume anomalous \ I j |. 

1 litre tceighs 397 criths. 


Preparation.— By gonlly heating in a wator-balh a mixture 
of potassic chlorate, nitric acid, and arsenious acid. Four dif- 
ferent reactions are to be distinguished in this operation : — 


l f on + 

l - tOKo + 

xrojio 

f on 

— | Olio + 

NO^Ko ; 

PoUiwuc chlorate 

Nitric acid 

Chlom a<id 

PotnMw nitrate 

2. A*Ho, + 

NO, Ho 

= NOJIo + 

AsOIJo, 

Arscnious acid 

Nitne acici. 

Nitroui* ai id 

Arm me acid 

o I OCl 4. 

3 ‘ { OHo + 

NOflo 

= OC’lilo + 

NO.,lIo; 

Chloric acid. 

Nitrous acid. 

Chlorous uf id 

.Nitric and. 


{ 

OCl 


4. 20CIII 


o + ou,. 

OCl 



Chlorous acid. Chlorous an hi druic Water 
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HYPOCHLOROU8 ACID. 


CHLORIC PEROXIDE. 

roci 
Jo . 

1 0 

{ on 

Molecular weight =135. Boils at 20°. 

Preparation. — By 1 ho action of sulphuric acid on potassic 

roci 


chlorate : — 


ron f ocl 

3 ( OK, 1 +2S ‘ l > IIn = = | ° +2SOJIoKo+OII s + j ° • 

' OKo (oci 

I’ntn (*■'»!' Sulphupir I’otamir Hydro* i>ot«nsi»* Wat<>r. Chloric 
rhloriit**. acid. jHTrlilnrutr. sulphate. pcroiidr 


HYPOCHLOROUS ACID. 

OC11I, or rillo. 

Molecular weight =52*5. 

Preparation. — 1. By the action of water on hypochlorous 
anhydride : — 

OCI, + Oil, = 2ClHo. 

Hypochlorous anhydride. Water. HvjKH-lilorou* acid. 


2. Bv the act ion of chlorine upon mercuric oxide, in thepre- . 
sence of water : — 


2H*0 4- Oil, + 201 a 


r Hgci 

- O 4 2ClHo. 

H*C1 


Mercuric oxide. Water. Chloriuc. Mercuric Hypochlorous 

oxychloride. acid. 


Reactions. — 1. By the action of hydrochloric acid, chlorine 
is evolved from both the hydrochloric acid and hypochlorous 
acid : — 


Cl, 4 OH t . 

Chlorine. Water. 


ClHo 4 HC1 

Hypochlorous acid. Hydrochloric acid. 



ACIDS OP CHLORINE. 49 

2. By the action of argentic oxide, oxygen is evolved from 
both compounds : — 

OAg, + 2ClHo = 2AgCl + OH, + O a . 

Argentic Hypoohlorous Argentic Water. 

•oxide. • acid. chloride. 

3. By the action of hypochlorous acid, metallic* oxides or hy- 
drates are converted into hypochlorites : — 

OKH + ClHo = CIKo + Oil,. 

Potaanc hydrate. Hypoohloroua Pouiwue Water. 

acid. hypochlorite. 

It was formerly supposed that hypochlorites, together with 
chlorides, were formed when chlorine acted upon certain me- 
tallic oxides and hydrates . — 

2C1. + 2CalIo il = Catl, + CW'Cl, + 2011,. 

Calcic hydrate. Calcic chloride. Calcic hypochlorite. Water. 

But the so-called chloride of lime or bleaching-powdor does 
not contain calcic chloride, and the true reaction appears to be 

Callo, + Cl, = Ca(OCljCl + OH,. 

Calcic hydrate. Hleaclung-|*owder*. Water. 

By the action of acids this compound yields free chlorine : — 
Ca(OCl)Cl + 80,110, = SUjl'ao" + Oil, + fl a . 

Bleaching-powdur. Sulphuric acid. Calcic sulphate. Water. 


CHLOROUS ACID. 


OClUoor | qj|. 

Molecular weight =68*5. 

Preparation . — By the action of water upon chlorous anhy- 
dride: — 


fOCl 

i O + Oil, 

loci 

Chlorous anhydride. Water. 


2 J OCI 

2 l OH. 

Chlorous acid. 


* Cl — Ca — O — Cl. 


TOL. I. 
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* CHLORATES. 


CHLORIC ACID. 



Jlfblecular weight =84 5. 

Preparation . — By the action of dilute sulphuric acid upon 
baric chlorate : — 


roci 

p 

Bao" -f 

i o 

Loci 

SO a Ho a * 

o f ocl . 

2 \ OHo + 

SO u Bao". 

chlorate. 

Sulphuric acid. 

Chloric acid. 

Baric sulphate. 


Decomposition . — By boiling, it is decomposed into perchloric 
acid, water, chlorine, and oxygen : — 

3 i“" ■ {ST. + °"- + ci - + 2o - 

Chloric ftoid. Perchloric acid. Water. 


Preparation of Chlorates. — 1. PotasBic chlorate may be pre- 
pared by the action of chlorine upon a concentrated solution 
of potassic hydrate : — 

0OKII + 301, = 5KC1 + {§£' o + 30H,. 

PoUssio Chlorine. Potaanic Potasrie Water. 

hydrate. chloride. chlorate. 

2. Calcic chlorate is made by passing chlorine through boil- 
ing milk of lime : — 


OCaHo, + 60, 


( OC1 

1 o 

< t’ao + SCaCl, + COH . 
I O 
i.OCl 


Calcic Hydrate. Calcic chlorate. Calcic chloride. Water. 

By the addition of potassic chloride to the calcic chlorate, 
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potassic chlorate is formed ; the latter is then separated from 
the calcic chloride by crystallization : — 

roci 

Cao" + 2KC1 = 2 | + CaCl„. 

' (.Oct 

Calcic Pntaaaic Potassic Calcic 

chlorate. chloride. chlorate. chloride. 


PERCHLORIC ACID. 


roci 

i O or i 

♦ l Olio 

Molecular weight =100 5. 

Preparation. — Potassic* perchlorate is distilled with about 
Ihree times its weight of sulphuric ncid : — 

OCi 

O + 80,II» a 


OKo 

Potassic perchlorate. 


Sulphuric acid. 


roci 

2 | O 
I Olio 

Perchloric acid. 


SO.Ko,. 

Potacwic sulphate. 


The impure perchloric acid is then carefully rectified, when 
pure perchloric acid passes over as an oily liquid towards the 
end of the operation. 

It forms with water a white crystalline hydrate. 

Preparation of Potassic Perchlorate. — 1. Potassic chlorate 
is heated gradually, and the process arrested when one third 
of the oxygen present has been evolved ; the residue then 
contains potassic chloride and perchlorate : — 

»{o2o - ™ + {g“ + O- 

Potetefo chlorate. Potaacic chloride. Potawic perchlorate. 

B 2 
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BOBON. 


By crystallization, the two salts are separated. 

2. When potassic chlorate is gradually introduced into 
boiling nitric acid, chlorine and oxygen are evolved, potaBsic 
nitrate and perchlorate being formed : — 


3 | + 2NO„Ho = 2NO a Ko + OII a + 


OC1 

O +0.+2CV 
OKo 


Potflftnic Nitric acid. Potasaio nitrate. Water. Potatwic 
chlorate. perchlorate. 


These salts are then separated by crystallization. 


CHAPTER X. 

TRIAD ELEMENTS. 

Section I. 

BORON, B„. 

Atomic weight =11. Probable molecular weight =22. Sp. gr. t 
diamond variety, 2 08. Atomicity Evidence of ato- 
micity : — 

Boric chloride B'"C1 3 . 

Borie fluoride # .... B"'F 3 . 

Boric etliide B"'Et 3 . 

Occurrence i — Fouud only in combination with oxygen. 
Preparation : — 

a. Amorphous boron. — 1. By igniting boric anhydride with 
sodium ; — 

' B,O s + SNa, - 30 X*, + B,. 

Boric auhydridr. Sodium. Bodic oxide. 



BORON. 


53 


2. By passing boric chloride over heated potassium : — 
2BC1, + 3K a - 6KC1 + B a . 

Borio chloride. Potawic chloride. 

ft. Diamond boron . — By fusing boric anhydride with alumi- 
nium : — 


Al 2 4 B 8 O s = 'A1"' 3 O s + B 2 . 

Doric anhydride. Aluminic oxide. 

Reactions . — 

a. Amorphous boron. — 1. Decomposes hot sulphuric acid : — 
B„ + 880,Ho, = BA, 4- 8011, 4 880,. 

Sulphuric add. Doric anhydride. Water. Huplhuroua anhydride. 

2. Decomposes nitric acid : — 

B a + 6N0,Ho = 2BHo, + 3'N”/).. 

Nitric acid. Boric acid. Nitric peroxide. 

3. Decomposes alkaline carbonates, sulphates, and nitrates: — 

B a 4* 3CONao a = 2BNao 3 4- 3C"(>. 

Bodic carbonate. Triaodic Iterate. Carlton io oxide. 

B a + 8SO a Ko a = 2BKo„ + 8SO a . 

PotaaMc auiphaU*. Tripotaaaic itorato. Sulphuroua anhydride. 

B a 4 GNO,Ko = 2BKo, 4 8W\0 4 . 

Potawic nitrate. Tri}>otaMic borate. Nitric peroxide. 

4. Boron is one of the few elements which unite directly 
with nitrogen : — 

B a 4 N, = 2B"'N"\ 

Boric nitride. 


ft. Diamond boron . — 1. When fused with hydric potassic sul- 
phate, boric anhydride is formed : — 


6SO,HoKo 4 B f = B 3 0, 4 3SO a Ko 3 4 30H a 4 3SO a . 




Boric Potawic «ul- Water. Sulphuroua 
anhydride. phate. anhydride. 


No compound of boron with hydrogen has been obtained ; 
•but the chloride, bromide, and fluoride are known. 
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COMPOUNDS OP BORON. 


BORIC CHLORIDE. 

BO, 

Molecular weight =117*5. Molecular volume 1 l~j . 1 litre of 
boric chloride vapour weighs 58 75 criths. Sp. gr. 1*35 
at 7°. Boils at 17°. 

Preparation . — By passing chlorine over a mixture of boric 
anhydride and charcoal heated to redness : — 

B a O a + 301 a 4- C, = 2BC1, 4- SCO. 

Boric anhydride. Boric chloride. C&rl>onic oxide. 

Reaction . — In contact with water it forms hydrochloric and 
boric acids : — 

BCl., + 3011,. = 3HC1 + BIIo r 

Boric chloride. Water. Hydro 'hloric acid. Boric acid. 


BORIC BROMIDE. 

BBr,. 

Molecular weight = 251 . Molecular volume 1 1 1 1 litre of 

boric bromide vapour weighs 125*5 criths. Sp.gr. of liquid 
*=2*69. Roils at 90°. 

Prepared and decomposed in exactly the same way as the 
chloride. • 

X BORIC FLUORIDE. 

BF„. 

Molecular weight =6S. Molecular volume 1 11 . 1 litre weighs 

84 criths . 

Preparation. — 1. By strongly heating boric anhydride with 
calcic, fluoride : — 

2B a O # + 3CaF # = B a Cao", + 2BF r 

Boric anhydride. Calcic fluoride. Calcic borate. Boric fluoride. 
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2. By heating together boric anhydride with calcic fluoride* 
and sulphuric acid : — 

BA + 3CaF a + 3SO.HO, = 3SOHo a Cao" + 2BF,. 

Boric Calcic Sulphuric Dihydno calcic Boric fluo- 

auhydnde. fluoride. acid. sulphate*. rule 

Reaction. — By contact with water, boric fluoride forms u 
peculiar acid, the hy droll uoboric acid, the constitution of w hich 
is not well understood : — 

4BF, + 30II a = 3(BF,,1TF) + BIlo,. 

Bone fluonde. Water. llydrofluobono acid. Boric arid 

This acid acts upon metallic hydrates, forming salts: — 

BF 3 , UF + OKU = BF„ KF + Oil,. 

Hvdrofluubonc PoUumuc Pousse \\ atcr 

acid. hidratc. borofluondc 

Possibly the boron in these compounds is pcntadic — thus, 
B'lIF, and B'KF 4 . .* - a * * ' ' 

, , , , * ' r / * e ’ 


COMPOUNDS OF BORON WITH OXYGEN AND 
HYDROXYL. 


Boric anhydride .. . 
Monobasic boric acid | 
Metaboric acid / 

Tribasic boric acid . ) 

Boric acid / 


b,o 3 . 

BOilo. 


BHo,. 


i 


BORIC AKHJDRIDE, Boracic anhydride. 
B/) r 

Molecular weight *70. Sp. gr. 1*83. 

Preparation . — By fusing boric acid at a red heat : — 

2BHo, * B a O, + 30H a . 

Bone acid. Bone anhydride Water. 

* See sulphuric acid, CKap. XIII. p. 83. 
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B0RATE8. 


BORIC ACID, Boracic Acid, Orthoboric Acid. • 

BHo a . 

Molecular weight =62. Sp. gr. 1*479. f 

Occurrence. — Contained in the steam which escapes from the 
sojjloni in Tuscany. 

Preparation. — By the addition of hydrochloric acid to a hot 
saturated solution of borax, when the acid crystallizes out on 
cooling : — 

B 4 Q # Nao a + 2HC1 4- SOH 2 = 4BHo 3 + 2NaCL 

Borax Hydrochloric Water. Boric Sodic 

acid. acid. chloride. 

Reactions. — 1. At the temperature of 100° it loses water, 
being converted into metaborie acid : — 

/ stio, = Bono + oh,. 

' Boric acid. Mctal*oric acid. Water. 

2. By the action of metallic hydrates, oxides, or carbonates, 

borates are formed. * ; • ' 

: ' 

The mineral tincal contains borax, an abnormal sodic borate* 

B.O.Naty 10OH,., ^ . ,1. ( r /■ 

‘ ' " " '• Vo> 

, ‘ Na— O— B B— O— B B — O — Na. /*■ 

A trimagnesic octoborate is known as tlie mineral boracite : — 


O— Mg— O 

O— B°V- O— j} — O — 1— O— B°B— O 

| VOV 'vO^ | 

Mg Mj 

0 A**/ A 

1 A 

II II 


o 
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BORIC SULPHIDE. X 

B,S", 

Molecular weight =118. 

Preparation. — B} r passing carbonic disulphide over a mixture 
of carbon and boric anhytfride, heated to bright redness : — 

2B,O a + 3CS" 2 + 3C = 2B a 8", + 60"0. 

Boric Carbonic Boric Carbonic 

anhydride. disulphide. sulphide. oxide. 

Reaction . — Boric sulphide is readily decomposed by water, 
giving sulphuretted hydrogen and boric acid: — 

B a S" s 4- «OIT 8 = SBII, 4- 2BHo v 

Boric Water. Sulphuretted Boric 

•ulphide, hydrogen. acid. 


BORIC NITRIDE. 

BN’". 


Molecular weight =25. 

Preparation. — 1. By heating boron in nitrogen (see p. 53). 
2. By heating together borax and amnionic chloride: — 

B,0 5 Nao 3 4- 4NH 4 OI = 4BN"' + 2NaCl 

Borax. Amnionic chloride. Boric nitride. Bodic chloride. 

+ 70H, + 2HC1. 

Water. Hydrochloric acid. 

Reaction . — When fused with potossic hydrate, boric nitride 
yields tripotassic borate and ammonia : — 

BN'" 4* 30KH = BKo a 4- BTH,. 

Boric Potaaaic Triputaiwic Ammonia, 

nitride. hydrate. borate. 
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CARBON. 


CHAPTER XI. 

TETKAD ELEMENTS.; 

Section I. 

CARBON, C. 

Atomic weight =12. Atomicity " and ir . Evidence of atomi- 
city : — 

Carbonic oxide C"0. . /* 

Carbonic tetrachloride. .. C ,V C1 4 . *■ 

Marsh-gas C lr H 4 . i , >.»•* 

Chloroform C'*IIC1.> t * * 

Occurrence. — In large quantities in nature, but chiefly in 
combination. 

Three varieties of carbon are known : — 

a. Amorphous carbon. 

Occurrence. — In smalj quantities in nature, as mineral 
charcoal. 

Preparation . — 1 . By the action of heat on animal and vege- 
table matters, without access of air. 

2. By the action of potassium, at a high temperature, on 
carbonic anhydride. 

Reaction . — By treatment with a mixture of potassie chlorate 
and fuming nitric acid, it is converted into brown compounds 
soluble in water. 

ft. Graphite. 

Occurrence. — As the mineral called plumbago. 

Preparation. — 1. By the action of intense heat on the 
diamond. 

2. By dissolving charcoal in melted cast iron, and subsequent 
cooling, when the graphite separates in the crystalline state. 

8. By heating the various forms of amorphous carbon in the 
electric arc. « 4 

Reaction. — By prolonged digestion with a mixture of nitric 
acid and potassie ohlorate it is converted into graphitic acid , a 
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brown crystalline body insoluble in water. Graphitic acid, 
when heated in the dry state, swells up suddenly, being 
changed into pyrographitic oxide, which is dissolved by the 
mixture of potassic chlorate and nitric acid. 

y. Diamond. 

Occurrence. — In small quantities in nature. Has not yet 
been obtained artificially. 

Reaction . — Is not affected by a mixture of potassic chlorate 
and nitric acid. 


COMPOUNDS OP CAliBOX WITH OXYGEN. 

CARBONIC ANHYDRIDE. 

CO,. 

Molecular weight =44. Molecular volume { [ ] . 1 litre 

weighs 22 criths. Puses at Boils bttfow its melting- 

point. 

Occurrence. — In the atmosphere, and dissolved in water. 
Pbrmation. — By the combustion of carbon and of carbona- 
ceous substances in air or oxygen. 1 n respiration, decay, putre- 
faction, and fermentation. During the formation of coal. 
Evolved from volcanoes. 

Preparation . — 1 . By burning carbon in air or oxygen : — 

C + O, = CO,. 

Carlwnic 

Anhydride. 

2. By the action of acids upon metallic carbonates: — 


COKo, + 

SO,Ho a 

= CO, + 

OH, 

+ 

SO,Ko,. 

Potaaaic 

carbonate. 

Sulphuric Mid. 

Carbonic 

Anhydride. 

W.t.r 


PnUmic 

roiphate- 

COKoHo 

+ NO,Ho 

= co, + 

OH, 

4 

NO,Ko. 

Hydric patasac 
carbonate. 

Nitric acid. 

Carbonic 

anhydride. 

Water. 


PoUauc 

nitrate. 

COCao" 

+ 2HC1 

= CO, + 

OH, 

4 

CaCl,. 

Calcic 

euboaate. 

Hydrochloric 

CArbonic 

Anhydride. 

Water. 


Calcic 

chloride. 
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CARBONIC OXIDE. 


Reaction*. — 1. Carbonic anhydride is decomposed by heated 
potassium : — 

3CO a 4- 2K, = 2C0K& + C. 

Carbonic anhydride. Potasric carbonate. 

2. It acts upon metallic hydrates, forming carbonates : — 
CO a + 2KIIo *= COKo a + OH a . 

Carbonic anhydride. PoUaait* hydrate. Potaaaic carbonate. Water. 

C0 3 4- CaHo, = COCao" 4- OH a . 

Carbonic Calcic Calcic Water, 

anhydride. hydrate. carbonate. 

Carbonic acid, C01Io a , is not known. 

CARBONIC OXIDE. 

CO. 

Molecular weight =28. Molecular volume 1 litre 

weigh* 14 criths. 

Formation . — In the combustion of carbon or carbonaceous 
matter, with a limited supply of air. In the destructive dis- 
tillation of many organic substances containing oxygen. • 
Preparation. — 1. By passing carbonic anhydride over red-hot 
charcoal : — 

C0 2 4- C = 2CO. 

Carbonic anhydride. Carbonic oxide. 

2. By passing carbonic anhydride over red-hot iron : — 

4CO a + Fe, = ir (Pe.,) vili 0 4 + 400. 

Carbonic anhydride. Triferric teiroxidr. Carbonic oxide. 

8. By heating iron or carbon with a carbonate : — 

COCao" + C = CaO + 2C0. 

Calcic carbonate. Lime. Carbonic oxide. 

4. By heating oxnlic acid with sulphuric acid (by which water 
is removed from the former), and then separating the carbonic 
anhydride by washing with sodic hydrate : — 

{ COHo - OH, + CO + CO, . 

Oxalic acid. Water. Carbonic oxide. Carbonio 

anhydride. 
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5. By heating formic acid, or a formate, with sulphuric acid : — 

(COH. “ ° H . + 00 

Formic acid. Water. Carbonic oxide. 

0. By beating potassic ferrocyauide'with sulphuric acid: — 
Fe"C,N,K 4 + (!OII a + GSO,Ho, = CCO 

Potaaeic fcrrocyanidc. Water Sulphuric aoid. Carbonic oxide. 

+ 2SO a Ko a + SO.Foo" + 3S0 a (NU 4 0) a . 

Potaasic sulphate. Ferrous sulphate. Ammonie sulphate. 

Reactions. — 1. It burns in air and oxygen, producing car- 
bonic anhydride : — 

CO + O = CO a . 

Carbonic Cnrhonie 

oxide. anhydride. 

2, Carbonic oxide and chlorine unite under the influence of 
light (p. 30), forming carbonic oA'gdichloridc , or phosgene gas , 

COCl a . 

The compounds of carbon with chlorine, nitrogen, and hy- 
drogen will be studied in connexion with organic compounds. 


CHAPTER XII. 

PENTAD ELEMENTS. 

Section I. 

NITROGEN, Azote , , N a . 

Atomic weight =14. Molecular weight =*2S. Molecular volume 
m . 1 litre weighs 14 criths. Atomicity v , which t by 
the mutual saturation of pairs of bonds t becomes reduced to 
or to ' (see p. 20). Evidence of atomicity : — 

Nitrous oxide * ON 2 . 

Ammonia 

Ammonic chloride N’ll.Ci. 
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Occurrence . — In the free state in the atmosphere. In some 
nebula* ? In combination, in animal and vegetable bodies, and 
in native nitrates. 

Preparation . — 1. By burning phosphorus in air, whereby 
the oxygen is removed from the latter. 

2. By passing air over ignited copper, when the oxygen 
unites with the copper. 

3. By heating ammonic nitrite, or a mixture of ammonic 
chloride and potassic or sodic nitrite : — 

N'"0(N v II,0) = N a + 20R,. 

Amnionic nitrite. Water. 

Nil, Cl + NONao = NaCl + N, + 20H a . 

Ammonic chloride. Sodic nitrite. Rodic chloride. Water. 

4. By passing chlorine through an excess of solution of 
ammonia : — 

SNIf, + 3Cl a = GNII t Cl + N. 

Ammonia. Ammonic chloride. 


COMPOUNDS OF NITROGEN WITH OXYGEN 
AND HYDROXYL. 


Nitroas oxide OX,. 

Nitric oxide* j 

f NO 

Nitrous anhydride 1 () 

' * NO 


N — O— N 

o o 

II II 
N — N 

o o 

II II 

N — O — N 


* This oompound is anomalous ; for its molecule, deduced from the spe- 
cific gravity, is represented by NO. The dissociation, which in the 
f NO 

case of | £gQ* is very imperfect at 0° C., but almost complete at 100° C., 

is probably nearly oomplete in the case of N a O a at the lowest temperature to 
which this gas has hitherto been exposed. 
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Nitric peroxide 


Nitric anhydride 
Nitrous acid .... 

Nitric acid 

O 

NITRIC ACID, Aquqfortis . 

NOJtfo. 

Molecular weight =03. Molecular volume ["]“]• 1 litre of 
nitric acid vapour weighs 31*5 criths. Fuses at —50°. 
Boils at 84° 5. 

Production . — 1 . By the slow oxidation cf nitrogenized orga- 
nic matter, in the presence of powerful bases. 

2. By the passage of electric sparks through moist air. 
Manufacture. — By distilling potassic nitrate (nitre)? or sodic 
nitrate (cubic nitre), with concentrated sulphuric acid : — 

NO.Ko 4- SO a IIo 3 * SO a HoKo + NO,Ho. 

Pobuaic Sulphuric H rdrir pota««ic Nitric acid, 

nitrate. acid. sulphate. 

By employing two molecules of potassic nitrate and one of 
sulphuric acid a saving of sulphuric acid is effected, but a 
higher temperatur^ is required, which destroys some of the 
nitric acid. The reaction takes place in two stages : — 

I. 2NO a Ko + 80,110, - SO a HoKo 

PoUmIc nitrate. Sulphuric acid. Hrdric poUuwic culphute. 

+ NO a Ko + N0 3 Ho. 

PoUmic nitrate. lfitneicti 


NO a 

o 

II 

~f 

o 

NO, 

o 

Jl 

II 

o 


0 o 

NO, 

II II 

0 . 

1 

0 

1 

fc 

NO, 

II" 1* 


0 o 

NOIIo. 

0--N — 0 — II 


0 

NO.jIIo. 

ii 

N— O' — 11 
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NITRIC ANHYDRIDE. 


2. SO.HoKo + NO,Ko = S0 3 Ko 9 4- NO,Ho. 

Ifydric potaaaic *uH>hatc. PoUaaic nitrate. PoUaaic auljihate. Nitric acid. 

Decomposition*. — 1. The decomposition winch nitric acid 
undergoes by heat is expressed in the following equation : — 


4N(),lJo 

= 20H a 

+ 

2N"0 4 

4* O r 

Nitric add. 

Water. 


S' itnc jwroxide. 

Oxygen. 

2. By the action 

of metallic oxides or hydrates, nitric 

produces nitrates 

OKH 4- 

NO a llo 


NO.Ko 4- 

OH, 

Potaaaic hydrate. 

N ilric acid 

Polnwic nitrutr. 

Water. 

PbO 4 

2NO,Ilo 

ss < 

[WO, 

IV + 

Oil, 

Plumbic oxide. 

Nitric acid. 

INC), 

Plumbic nitrate 

Water. 


NITRIC ANHYDRIDE. 

N,O s . 

JYobable molecular weight = 108 . Probable molecular volume 
m - Fuseg at 5. Boils at 45°. 

Preparation. — 1. Bypassing dry chlorine over argentic ni- 
trate, heated first to 93° and then to 00°. 

4NO,Ago + 2 Cl = 4AgCl 4- 2W a O f 4 O a . 

Argentic nitrate. Argentic Nitric 

chloride . anhydride. 

2. Uv passing the vapour of nitric dioxyehloride over argentic 
nitrate heated to C0°-70°. 

NO a Cl + NO, Ago = AgCl + N # 0 # . 

Nitric Argentic Argentic Nitric 

dioxyehloride. nitrate. chloride. anhydride. 

Reaction. — By the action of water it forma nitric acid — 
W,0, + Oil, « 2N0 3 Ho. 

Nitric anhydride. Water. Nitric acid. 



NITROUS ACID. 


65 


NITROUS ANHYDRIDE. 

N a O,. 

Probable molecular weight =70. Probable molecular volume 

m. 

Preparation. — 1. By hoating together nitric acid and starch. 
2. By gently heating nitric acid with arsenious anhydride : — 


A*,0, + 2NO a IIo 

= A* a O s 

+ 


+ 

OH,. 

Arsenious Nitric acid. 

Arsenic 


Nitrous 


Water. 

—hydride. 

anhydride. 


anhydride. 



3. By the action of strong nitric acid 

on 

silver 

- 


6NO a Ho + 2Ag a = 

lNO a Ago 

+ 

N,o, 

+ 

3011,. 

Nitric add. 

Arjjrntic nitrate. 

N itrous anhydride. 

Wtior. 


NITROUS ACID. 

NOIIo. 

Molecular weight =47. 

Preparation. — By mixing liquefied nitrous anhydride with a 
small quantity of water : — 

N a O a 4- OII a - SMTOITo. 

Nitrous anhydride. Water. Nitrous add. 

Decomposition*. — 1. In the presence of much water, nitric 
acid and nitric oxide are formed : — 

3NOHo - NOJIo + *N",0 # + OH r 

Nitrous add. Nitric acid. Nitric oxide. Water. 

2. -Nitrous acid acts as a reducing agent under some circum- 
stances : — 

2NOIIo + O a * 2NO a Ho ; 

N itroos add. N itric add. 

and as an oxidizing agent under others : — 

4NOHo - 2'W",0, + 20H, + O,. 

Nitrous add. Nitric oxide. Water. Oxygen. 

3. By the action of metallic oxides or hydrates, nitrous acid 
forms nitrites : — 

OKH + NOHo - NOKo + OH . 

Po t— d o hydrate. Nitrous add. Potassic nitrite. Water. 

YOL. I. 


P 
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H 1 TU 0 US OXIDE, Laughing Oat. 

ON,. 

Molecular weight =44. Molecular volume I I I . 1 litre weight 
22 critht. Futet at —101°. Boil* at —88°. 

Preparation. — 1. By the action of dilute nitric arid on uinc : — 

fWO. 

= ON, + 4 4 Zoo* + SOH . 

[no. 

Nitrons oxide. Zinc io Nitrate. Water. 


Zn 4 


lONOJKo 4- 

Nttricaoid. 

2. By heating ammonic nitrate : — 


N0 a (N*ll 4 0) 

▲zamonio nitrate. 


20H, 

Water. 


+ ON, 

Nitrons oxide. 


NITRIC OXIDE. 

{gg.or'lT'O, 

Molecular weight *=G0. Molecular volume anomalous 
1 litre weighs 15 criths. 

Preparation. — By the action of nitric acid upon mercury or 
copper : — 

fN° 

3Cu + 8 NOJI 0 * 3<UW 4- 'N" O 4 - 40H # . 

lNO a 

Nitric acid. Cupric nitrate. Nitric oxide. Water. 

Reaction. — Unites directly with oxygen : — 

2'N',0, + 0„ - SJT'.O,: 

Nitric oxide. Nitrons anhydride. 

•w.o, + o, - w.o,. 

Nitric oxide. * Nitric peroxide. 
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NITRIC PEROXIDE. t 

{So 


Molecular weight *92. Molecular volume QD to QQ. 1 litre 
weigh* 23 to 46 erithe . Jfeftt a* —9°. ItotL a/ 22°. 


Preparation. — 1. By the union of nitric oxide with oxygen 
(see above). 

2. By the action of nitric acid upon tin : — 

Sn, + 20NO a Ho - Sn s O,Ho l0 + 50H a + 10W\0 4 . 

Nitric Mid. Metaatatmio acid. Water. Nitrio peroxide. 

Decomposition . — By the action of metallic hydrates and 
oxides it produces nitrites and nitrates : — 

W' a 0 4 + 20KH • NO a Ko -4- NOKo -f OII a . 

Nitrio Potaaaio Potamiic Potwwie Wat<*r. 

peroxide. hydrate. nitrate. nitrite. 


COMPOUNDS CONTAINING NITROGEN , CHLO- 
RINE, AND OXYGEN. 

NITRONS OXYCHLORIDE, Chloronitroue Gas. 

NOCl. 

Molecular weight **G«3 , 5. Molecular volume CD. 1 litre 
weighs 32*75 critks. Roils at 0°. 

A mixture of nitric and hydrochloric aeids possesses the 
property of dissolving gold, and is therefore called aqua regia ; 
when heated it evolves chlorine and nitrous oxychloride : — 

WOjHo + 3HC1 = NOCl 4- 2011* + Cl 8 . 

Nitric acid. Hydrochloric Nitron* Water, 

acid. oxychloride. 
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AMMONIA. 


NITRIC DIOXY-TETRACHLORIDE, Chloronitric Gat. 

w%o a a 4 . 

Prepared, together with nitrous oxychloride, by heating a 
mixture of nitric and hydrochloric acids : — 

2JfO a Ho + 6HC1 = W^b a Cl 4 + 40H, + Cl a . 

Nitrio Mid. Hydrochloric arid. Chloronitric gat. Water. 

NITRIC DIOXYCHLORIDE, Chloropemitric Gat. 
NOfil 

Preparation. — By mixing phosphoric oxytrichloride and 
plumbic nitrate: — 

fNO a 

3 « Pbo* + 2PCl a O = P !i O. J Pbo" 3 + GNO a Cl. 
NO a 

Plumbic nitrate. Phosphoric Trifdwnbio Nitric 

* oxytricnloridc. di|>h jtphate. dioxychloride. 

COMPOUNDS OF NITROGEN WITH HYDROGEN. 

AMMONIA. 

Nil, 

Molecular weight = 1 7. Molecular volume I 11 . 1 litre weight 

8 IS critht. Fusee at — 75. Roils at — 38 c, 5. 

Occurrence. — In the atmosphere and in rain water in very 
minute quantities. 

F\) rmation . — By the decay of animal and vegetable matters 
containing nitrogen. 

Manufacture — By the destructive distillation of animal 
matter, as horn or bones, and of vegetable matter, as coal. 

Preparation . — By heating a mixture of lime and ammonic 
chloride (sal-ammoniac) : — 

2WH 4 C1 + CaO - CaCl, + 2WH, + OH,. 

Ammonic Lime. Calcic Ammonia. Water, 

chloride. chloride. 



AMMONIC AMALGAM. 


Reaction*. — 1. Decomposed by chlorine (see p. 62). 

2. Unites directly with acids, forming the ammonium salts in 
which the atomicity of nitrogen is * : — 



+ HC1 - 

N*H 4 C1. 


Hydrochloric sold. 

Ammonic chloride *. 

N"'H, 

4- N*O a Ho » 

W*0,(N*H 4 0). 


Nitric Mid. 

Ammonic nitrute t> 

2N'"H, 

4- SO a Ho a « 

so a (N*n 4 o),. 


Sulphuric Mid. 

Ammonic lulphele J. 


AMMONIUM. 

|N1I 4 

Nil/ 


This monad radical has never been obt ained in the free state ; 
but its compounds are perfectly analogous, in crystalline form 
and other properties, to those of potassium. These facts 
have induced some chemists to consider the group N1I 4 as a 
metal, to which they have given the name ammonium — an hypo- 
thesis which is considered to reecive support from the production 
of an unstable amalgam of this radical. All the compounds of 
mercury with metals are found to possess metallic lustre; and 
this is also the case with the amalgam of ammonium. It may 
be prepared by two different processes. 

1. If a solution of ammonic chloride be electrolyzed, the 
negative electrode being mercury and the positive a platinum 


H 

i H— N— II 

I { 'bl 


II 

t H— N-O- 


h 


♦ o— i— n 

d n h 4 ^ \ 



70 


COMPOUNDS OP NIKtOGlN. 


plate, the mercury is observed to swell up, owing to the forma- 
tion of a spongy metallic mass. 

2. By preparing an amalgam of potassium or of sodium, and 
pouring it into a slightly warmed solution of ammonic chloride* 
the amalgam is found to swell enormously, potassic or sodic 
chloride being simultaneously formed : — 

Hg n Na tt + mNH 4 Cl = Hg n (N’H 4 ) m + mNaCl. 

Sodic amalgam. Ammonic chloride. Ammonic amalgam. Sodic chloride" 

Ammonic amalgam rapidly decomposes into mercury, am- 
monia, and hydrogen, the ammonia and hydrogen being liberated 
in the proportions of 2N1I, to H,: — 

2Hg n (N*lI 4 ) m m 2ullg 4- 2mNH, + mH a . 

Ammonic MyUgnm. Mercury. Ammonia. 

Ammonium plays the part of a compound monad radical ; and 
its salts are isomorphous with those of potassium ; they are 
all volatile, unless the acid from which they are derived be 
fixed. 


COMPOUND OF NITROGEN WITH CHLORINE 

NITROUS CHLORIDE. 

NCI,? 

Preparation . — By the action of chlorine upon ammonic 
chloride: — 

N’H.Cl + 3C1„ « N"C1, + 4HC1. 

Ammonic chloride. Nitrous chloride* Hydrochloric eetd. 

• 

The formula of this compound is not fixed with certainty : it 
may contain hydrogen ; and it is possible that the two com- 
pounds intermediate between ammonia and nitrous chloride 
may exist : — 


NH„ NH,Cl, NHC1* NCI,. 



SULPHITE* 


11 


COMPOUND OF NITROGEN WITS IODINE AND 
HYDROGEN. 

NITROUS HYDEODINIODIDE. 

Preparation . — By the action of ammonia on iodine a brown 
substance is obtained, which has the composition NHI a . It is 
formed according to the following equation : — 

3NH, + 2I a « NHI a + 2NII 4 I. 

Ammn nii NitTOU* AnnO&iO 

hydrodiaiodide. iodide. 


CHAPTER XIII. 

HEXAD ELEMENTS. 

Section I. 

SULPHUR, S a . 

Atomic weight —32. Molecular weight *04. Molecular volume 
I □ at 1000°, but only one-third of thi* at it* boiling - 
point. 1 litre of sulphur capour weighs 32 critk*. Rhom- 
boid al variety fuse * at 111 *5 and boil* at 445°. Atomicity 
" ‘ T and Ti . Evidence of atomicity : — 


Hydrosulphuric acid S"TT a . 

Triethylaulphine iodide S l? Et,I. 

Sulphuric dioxy dichloride S^OjCl,. 

Sodic nitroBulphate S^OCNOXNao*,. 


Occurrence . — Found in the free state in volcanic districts, 
and widely diffused in combination with metals and oxygen, as 
sulphides and sulphates. 

Manufactured from native sulphur, and from 


Iron pyrites F«S" a . 

Copper pyrites (FeOm)S" r 

Calcic oxy sulphide C^OS". 
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Character . — Sulphur is capable of existing in Beveral alio- 
tropic forms, of which the following are the most important : — 



Condition. 

Specific gravity. 

Behaviour with car- 
bonic disulphide. 

a. 

Octahedral 

2 05 

Soluble. 

P- 

Prismatic ... 

1-98 

Transformed into a. 

y- 

Plastic 

1-95 

Insoluble. 

2. 

Powder 

1*95 

Insoluble. 


When united exclusively with positive elements or radicals, 
sulphur is a.most invariably a dyad ; and it is then the analogue 
of oxygen, as will be seen from the following formulae : — 

Oxygen compounds . . OK a , OKU, CO a , COKo a . 
Sulphur compounds ... SK a , SKI1, CS" a , CS"Ks a . 

COMPOUNDS OF SULPHUR WITH POSITIVE 
ELEMENTS. 

Sulphuretted hydrogen SII a . 

Hydrosulphyl S' a ll a , or Hs a . 

Carbonic disulphide CS" a . 


SULPHURETTED HYDROGEN, Ilydrotulphuric Acid \ 
Svlphhgdric Acid. 

8II a . H — S — H. 

Molecular weight *=34. Molecular volume 111 . 1 litre weight 

17 critht. Solid at — 85°*5. Liquid under a procure of 
17 atmoepheres at 10°. 

Occurrence . — Evolved with other gases from volcanoes and 
fumaroles. Found also in hepatic mineral waters, and frequently 
in waters which contain both organic matters and sulphates. 
Preparation. — 1. By direct union of its elements : — 

H, + S - SH,. 



SULPHURETTED HYDROGEN. 78 

2. By the action of hydrochloric or dilute sulphuric acid on 
ferrous sulphide : — 

FeS" + 2HC1 « SH a + FbC\ 

Ferrous Hydrochloric Sulphuretted Ferrous 

sulphide. sold. hydrogen. chloride. 

FeS" 4- SO a Ho a « SH, 4- 80,Feo”. 

Ferrous Sulphuric Sulphuretted Ferrous 

sulphide. acid. hydrogen. sulphate. 

3. By the action of hydrochloric acid on ontimonious sulphide 
with the aid of a gentle heat : — 

Sb 3 S", 4- 6IIC1 = 3SII a 4 2SbCl,. 

Antimonious . Hydrochloric Sulphuretted Antimonious 
sulphide. \ acid. hydrogen. chloride. 

Reaction*. — 1. It is immediately decomposed by chlorine, 
thus : — 


SII 3 4 Cl, « 2IIC1 4 S. 

2. It is also rapidly decomposed by many metallic compounds 
rich in oxygen, such as ferric oxide : — 

Te"' a O a 4- 3SIl a * 2FcS" 4 S 4 30II a . 

Ferric oxide. Sulphuretted Ferrous Water, 

hydrogen. sulphide. 

3. The sulphhydrates and sulphides of the metals are produced 
by the action of hydrosulphuric acid on the hydrates and 
oxides, thus : — 


OKH 

+ 

SH, - 

SKH 4 

OH,. 

Potassic 


Sulphuretted 

Fotaesic 

Water. 

hydrate. 


hydrogen. 

sulphbydrate. 


BaHo, 

+ 

2SH, = 

Balls, + 

2011,. 

Baric hydrate. 


Sulphuretted 

Baric 

Water 


hydrogen. 

sul|>hhydrate. 


OAg, 

4* 

SH, - 

SAr. + 

OH,. 

Argentic 

oxide. 


Sulphuretted 

hydrogen. 

Argentic 

sulphide. 

Water. 

OttO 

4* 

SH, - 

OaS" 4 

OH a . 

Cupric 

oxide. 


Sulphuretted 

hydrogen. 

Cnprie 

sulphide. 

Water. 
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HYDBOSULPHYL, Hydric Persulphide. 

' 'S a 'H a , or Hs a . 

H-S-S— H. 

Probable molecular weight =66. Sp. gr. 1709. 

Preparation . — By pouring a solution of calcic disulphide 
into hydrochloric acid : — 

'S' a Ca" + 2 II Cl = 'S' a H a + CaCl a . 

Calcic disulphide. Hydrochloric add. Hydrostilphyl. Calcic chloride. 

Character. — It is the analogue of hydroxyl in composition 
and functions. 


HYPO-SULPHUROUS HYDROSULPHATE. 

f Hs 
Slls or \ S” 

[lls 

Probable molecular weight = 98. 

Preparation. — When a cold saturated solution of strychnine 
in alcohol is mixed with an alcoholic solution of yellow am- 
nionic sulphide, a crystalline compound is formed containing 
C ai H m N a O a , H a S a . By the action of sulphuric acid upon this 
compound, hyposulphurous hydrosulphate is liberated as a 
yellow oily body. 


CARBONIC DISULPHIDE, i Bisulphide of Carbon. 

os. 

Molecular weight, = 76. Molecular volume I I | . 1 litre of 

carbonic disulphide vapour weighs 38 criths. Specific gravity 
qf liquid 1*293. Boils at 46°*6. 


Preparation. — 1. By passing sulphur over Btrongly ignited 
charcoal : — 

. = CS" 


»• 

Carbonic 


c + s, 
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2. By heating together charcoal and iron- or copper-py- 
rites : — 

C + 2PeS" a * CS" a 4 2FeS". 

Iron- pyrites. CturKmic Frrmni 

Ferric disulphide. disulphide. sulphide. 

Decompos it ions. — 1. Heated potassium burns in the vapour 
of carbonic disulphide, with formation of potassic sulphide and 
liberation of carbon : — 

CS” a + 2K a = 2SJv a + C. 

Carbonic disulphide. PoUusio sulphide. 

2. When brought into contact w ith a solution of an alkaline 
hydrate, carbonic disulphide is decomposed, a carbonate and a 
sulpho-earbonate being formed : — 

60KII + 3CS" a = 2CS'Ks a 4 9<)K.o a + 30H a . 

Potassic Carbonic Potassic Potassic W ator. 

hydrate. disulphide. sulplm- carbonate. carbonate. 

3. In contact with solutions of alkaline sulphides, carbonic 
disulphide also forms alkaline sulpho-carbonates : — 

SK a 4 CS" a = Cs"Kjs a . 

Potassic sulphide. Carbonic disulphide. Potassic sulpho-oarbonatc. 

4. When the vapour of carbonic disulphide is passed over 
heated calcic hydrate it is decomposed, carbonic anhydride and 
sulphuretted hydrogen being evolved : — 

CS 2 4 2CaIIo a = 2CaO 4 CO a 4 2SH # . ' 

Carbonic Calcic Calcric CarUmic Sulphuretted 

disulphide. hydrate. oxide. anhydride. hydrogen. 

STJLPHO-CARBONIC ACID. 

CS"Hs a . 

Preparation. — By the action of hydrochloric acid on ammomo 
sulpho-earbonate : — 

CS”(NH 4 S) a 4- 2Ha » CS"IIs a 4 2NH 4 C1. 

Hydrochloric Bnlpbo-carbouic Atnmonio 

sulpho-earbonate. acid. add. chlo ri de. 
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COMPOUNDS OF SULPHUR WITH OXYGEN AND 
HYDROXYL. 

In these compounds the sulphur is either a dyad, a tetrad, 
or a hexad. 


Hyposulpliurous acid 

SIIo 3 . 

H — 0 — S — 0 — H 

Sulphurous anhydride 

so,. 

0 -S -0 

Sulphurous acid 

SOIIo a . 

O 

II 

H — 0 — S — 0 — H 

Sulphuric anhydride 

so,. 

O 

1! 

0 s ~0 



0 

Sulphuric acid. ( Hydric \ 
sulphate.) J 

| SO a IIo a . 

II 

II — 0 — S — 0 — H 

|| 



() 

Nordhausen sulphuric 
acid. ( Dihydric di - ► - 

sulphate.) 

f SO IIo 

0 . H- 

[ SO„Ho 

O 0 

II 

— 0 — S — O — S — 0 — J 

II II 

O 0 

Thiosulphuric acid 

SS’OHo,. 

s 

i! 

H— 0— S^O— H 


II 

O 


o o 


Dithionic \ , fiT n „ f S0 8 IIo 
acid... / S »°* Ho *‘ or \ SOjlIo’ 


H— O — S— S — O— H 
H II 

O O 
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Trithionic acid. Sul- 
phodithionic acid) 


Tetrathionic acid. 
( Disulphodithi - 
onic acid.) 


fSO.rfo 

Pentathionic acid. S" 

( Trisulphodifhi-< S ' ' 
onic acid.) j S" 


d- S ?‘ Ho 

11 i 8 . H — O' 

* 4 [ SO a Ho 



O 

I! 

— 8- 

II 

O 


O 


o 

II 

-S — 8—0 — H 

II 

O 

0 


H — o — 8— S — S— S— o — II 


o 


o 


H- 


ii 

o 

o 

ll 


Lso a iio 


-O— 8— S— 8— S— 8— O— H 

II II 

o o 


HYPOSULPHUROUS ACID. 

SIIo a . 

Formation. — By the action of zinc upon aqueous sulphurous 
acid : — 

SOHo a + Zn = SIIo a + ZnO, 

Solphuroaa acid. llvpoaulphurotia add. 

Reaction. — Absorbs free oxygen with avidity, producing sul- 
phurous acid : — 

•Ho, + O 80Ho a . 

Rypoaulphuron* add. flalphurmia add. 

SULPHUROUS ANHYDRIDE. 

so a . 

Molecular weight =*64. Molecular volume fTI - 1 litre weighs 
32 crithe. Solid at — 70°. Liquid under the pressure of two 
atmospheres at 7°. Boils at — 8°. 

Occurrence, — 1. As a volcanic product. 

2. In the air of towns. 

3. Evolved in the roasting of copper pyrites and other sul- 
phureous ores. 



78 


SULPHUROUS ANHYDRIDE. 


Preparation. — 1 . By the combustion of sulphur in air or in 
oxygen : — 

8 + O a * SO a . 

2. By heating sulphuric acid with copper or mercury: — 


2SO a IIo a 

+ 

Cu 

II 

QO 

-f SO a Cuo" 

4* 

20H a . 

Sulphuric anid. 



Sulphurous 

annydridc. 

Cupric sulphate. 


Water. 

2SO a IIo a 

4- 


= so. 

-f SOJIgo" 

4- 

20H a . 

Sulphuric acid. 



Sulphurous 

annydrule, 

MiTcurio sulphate. 


Water. 


3. By heating charcoal with sulphuric acid : — ' 

MOJfo, + C = 2S(\ + CO a + 20H a . 

Sulphuric acid. Sulphurous Carbonic Water. 

anhydride. anhydride. 

4. By heating a mixture of about three parts by -weight of 
sulphur (two atoms) with four of manganic oxide (one mole- 
cule) : — 

S a + Mn(\ = SO a + MnS". 

Manganic oxide. Sulphurous anhydride. Manganous sulphide. 

Reactions. — 1. Dissolved by water, producing an acid liquid 
which, when cooled to 0°, deposits white cubical crystals of sul- 
phurous acid : — 

SO a 4- 01T a = SOIIo a . 

Hulphuroutl anhydride. Water. Sulphurous acid. 

2. Sulphurous anhydride, w hen passed into solutions of the 
metallic hydrates, produces sulphites. If the sulphurous an- 
hydride be in excess, an acid sulphite is obtained : — 

OKI! + SO a = SOHoKo. 

PoUmic hydrate. Sulphurous anhydride. Ilydric potassic sulphite. 

3. If the metallic hydrate be in excess, a normal sulphite 
is formed, thus : — 

20 KH + SO, « SOKo a 4- OH,. 

Potaasic hydrate. Sulphurous anhydride. Normal rotasaic Water. 

sulpntte. 

4. Sulphurous acid, when acted upon by metallic hydrates, 
produces the same salts : — 

OKH 4- SOHo a = SOHoKo 4- OH t : 

20KH + SOHo, = SOKo, + 20H, 



SULPHURIC ANHYDRIDE. 79 

5. Sulphurous anhydride, when passed over metallic per- 
oxides, produces sulphates : — 

PbO a + S0 a = SO a Pbo". 

Plumbic peroxide. Sulphurous anhydride. Plumbic sulphate. 

Detection. — Sulphites are recognized by the pungent odour 
of sulphurous anhydride which they evolve on the addition of 
a strong acid, such as sulphuric acid : — 

SOKo a + S(\Ho 3 = SO,Ko a + SO a + OH a . 

Potaasio Sulphuric Potassic Sulphurous Water 

•ulphite. acid. sulphate. anhydride. 

When solutions of sulphites are mixed with solution of 
argentic nitrate, a white precipitate of argentic sulphite is 
formed : — 

SOKo + 2NO a Ago = SO Ago., + 2NO a Ko. 

Potamio Argentic Argentic Potsasic 

sulphite. nitrate. sulphite. nitrate. 

When this argentic sulphite is boiled with water, it becomes 
black, owing to the separation of metallic silver : — 

SOAgo, OTI a = 80,110, + Ag a . 

Argentic sulphite. Water. Buljihuric acid. 

SULPHURIC ANHYDRIDE. 

so/ 

Molecular weight =80. Molecular volume [XD* 1 lit re of 
sulphuric anhydride vapour weighs 40 critlis. Fuses at 
24°*5. Boils at 52° (i. Sp. gr. 1 ’95. 

Preparation. — 1. Bypassing a mixture of sulphurous anhy- 
dride and oxygen over ignited spongy platinum : — 

SO a + 0 SO,. 

Sulphurous anhydride. Sulphuric anhydride. 

2. By heating Nordhauscn sulphuric acid : — 

( SO Ho 

i O = SO a no, + SO,. 

[ SO Ho 


Sulphuric acid. 


Sulphuric 
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SULPHtTRIC ACID. 


8. By heating the so-called anhydrous sodic bisulphate 
(disodic disulphate) : — 

(SO,Nao 

\ O = SO a Nao a + SO,. 

[ 80,Nao 

Anhydrous iodic bisulphite 8odio sulphite. Sulphurio 

(Disodic disulphate). anhydride. 

4. By heating sulphuric acid with phcMfhoric anhydride : — 
SO,Ho, + P,0„ = S0 3 + 2PO,Ho. 

Sulphuric Phosphoric Sulphuric | Meta-phosphoric 

acid. anhydride. anhydride. add. 

SULPHURIC ACID. 

SO a IIo 3 . 

Molecular weight =98. Molecular volume j— | . Dissociation. 

1 litre of sulphuric acid vapour weighs 24 5 criths. Sp. 
gr. 185. Boils at 325°. 

Preparation. — 1. By the spontaneous oxidation of sulphur 
in the presence of water : — 

S a + 80 a 4- 20H a = 2SO a Ho a 

w a ter. Sulphuric add. 

2. By the action of hydroxyl upon sulphurous anhydride: — 

SO, + Ho, = SO a IIo 9 . 

Sulphurous anhydride. * Hvdroxyl. Sulphuric aoid. 

3. By the exposure of a solution of sulphurous acid to air 
or oxygen : — 

SOlIo, + 0 SO a Ho a . 

Sulphurous add. Sulphuric add. 

4. By the addition of water to sulphuric anhydride : — 

80, + OH, - SO,Ho,. 

Sulphuric* • Water. Sulphuric 

anhydride. add. 

5. By the action of nitric peroxide and oxygen on sulphurous 
anhydride and subsequent decomposition by water of the white 
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crystalline compound thus produced (Briming and Be la 
Provostayc) : — 


2SO a + 'N‘ T a 0 4 + 0 

Sulphurous Nitric 

anhydride. peroxide. 


S0,(N’0,) 

o 

S0,(N*0.) 


White rryitkUinr 
compound. 


rso a (N’Q.) 
jo + 
l ®0,(N’0,) 

White crystalline 
compound *. 


2011., 

Water. 


2SO,Ho, + N,0,. 

Bnlphnric Nitrous 

•rid. anhydride. 


In the manufacture of sulphuric acid on the large scale, the 
nitrous anhydride is again acted on by water and transformed 
into nitric acid and nitric oxide: — 


3H a 0, + OH a = 2NO,lIo + 2'N",O a . 

Nitrous Water. Nitric acid. Nitric oxide, 

anhydride. 

Tlie nitric oxide, by the action of oxygen, reproduces nitric 
peroxide, which is then ready to undergo the same processes a 
second time. The nitric acid is at the same time reduced to 
nitric peroxide by the action of sulphurous anhydride: — 

SO, + 2NO a IIo «= 80,1 1 o, + WW 

Bulphurntt* Nitric acid. Sulphuric Nitric 

anhydride. acid. |>croiide. 

The crude sulphuric acid may be freed from traces of nitrous 
anhydride (which it always contains) by the addition of some 
ammonic sulphate : — 

S0,(NH 4 0), + N,0 S = SO a IIo, + son, + n 4 . 

Ammonic sulphate. Nitrous Sulphuric W'atcr. 

anhydride. and. 


0 o 

u. 

1 * 

O O 


0 o 

t j 

■O — S — N 

1 f 

o o 



SULPHATES. 


Character .— Sulphuric acid forms several classes of salts:— 


H phate POta88iC 8Ul ’ } s °a KoHo - H— 0 — S — O— K 


Potassic sulphate... SO a Ko 2 . K — O — S— O — K 


O O 

Anhydrous sodic hi- SO a Nao || J| 

sulphate. ( Disodic > O . Na — 0 — S — O — S — O — Na 
disulphate .) SO,Nao ^ || 


Zincic sulphate SO„Zno". 


A 

Zn 7 > 

X 0 7 |l 


Tetrabasic zincic sul- 
phate. ( Dizincic > SOZm»" a . 

sulphate.) 


z <oX>“ 


Hexabasic zincic sul- ] 

phate. ( Trizincic V 8Zno",. 
sulphate.) J 


0 O° 


r o 7 />> 

U vL 
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Crystallized gyp* 1 

sum. {Tetrahydric V SHo 4 Cao". 
calcic sulphate.) . . . J 


Gypsum dried at ) 

100°. (Dihi/dric l SOHo a Cao". 
calcic sulphate.) ... j 


Gypsum dried at ) 

2(50°. {Calcic suU > SO a Cao". 
phate.) J 


H 

i 


N )' 1 \\ 


/H 


O 

A 

X). 


II 


II 

A 


a / >s-=o 

XV I 

() 

A 

o 

/Ml 
Cu v ;s 
mv „ 

o 


THI08ULPH U RIC ACID, Hyposulphurous Acid. 

S8"OHo a (hypothetical). 

Preparation of Thiosulphates. — 1. By boiling a solution of 
sodic sulphite with sulphur: — 

SONao a + S » SS"OXao 3 . 

Sodic sulphite. Sodic thiosulphate. 

2. By exposure of an alkaline persulphide to the air : — 
f S' a Ca" -f 0, - SS'OCao”. 

Calcic Calcic 

persulphide. thiosulphate. 

Reaction. — The thiosulphates, when acted upon by acids, 
evolve sulphurous anhydride, whilst sulphur is precipitated : — 
B8"ONao, + 2HC1 - 2NaCl + OH a + 8 + SO a 


Hydrochloric 


Sodic 

chloride. 


Sulphurous 

anhydride. 
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ACIDS OF SULPHITE. 


D1TH10NIC ACID, Eyposulphuric Acid. 

# S%0,Ho a . 

Preparation. — Powdered manganic oxide is suspended in 
water and a current of sulphurous .anhydride passed through 
the liquid, when the manganic oxide gradually dissolves. The 
solution contains manganous dithionate or hyposulphate : — 

MnO + 2SO, = 'S’ 0 4 Mno''. 

Manganic Sulphurous Manganous 

rrciuc. anhydride. dithionate. 

This solution is next treated with baric sulphide, which pre- 
cipitates manganous sulphide, baric dithionate existing in the 
solution : — 

'S v a 0 4 Mno" -b BaS" = MnS" -b 'S v a 0 4 Bao M . 

Mnnffanoua dithionate. Dario sulphide. Manganous sulphide. Baric dithionate. 

By adding sulphuric acid to a solution of the baric dithio- 
nate, baric sulphate is precipitated and dithkmic acid remains 
in solution : — 

'SVVW' + 80.Ho, = SO a Bno" -f B\0 A lio r 

n«ric Sulphuric Baric sulphate. Dithionic acid, 

dithionate. acid. 


TRITHIONIC ACID, Su 1 phod ith ion iV Arid, , 
Sulphuretted llyposulphuric Acid. 

| 80,1 1 o 
8" . 

I SO a IIo 

Preparation. — By digesting hydrir potassic sulphite with 
sulphur, potassic trithionnte and potassic thiosulphate (hypo* 
tulphifr) are formed : — 

f SO Ko 

- 2 \ S" + SS OKo, + BOH*. 

I SO a Ko 

Potassic 
trithionate. 


OSOKoHo + 2S 

Hydric potaasia 
sulphite. 


Pntumr 

thiosulphate. 


Water. 
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The two salts so produced, when decomposed by hydrofluo- 
silicie acid, yield trithionic acid, sulphurous acid, and sul- 
phur: — 


fSOJKo 

SS"OKo a 4* 2{8" 

[ SO a Ko 

PoUumuo Potaasic 

thioauJphate. trilhionaie. 


4 - 8 HJ 9 i*F. - 

Uvdrofluuailioie 

acid. 


4 2 


SOJIo 
8" 4 
SO a f{o 


Trithionic acid. 


SO Ho, + 

Sulphurous 

acid. 


8 . 


3K a Si*F„ 


Potaaaic 

ailioufiuoridc. 


TETRATHIONTC ACID, DUulphodith ionic Acid , 
Biculphurettcd Jh/jwsulphuric Acid, 
f SO a lIo 

? - 
[SO.Ho 

Preparation.— When iodine in added to baric thiosulphate 
( hyposulphite ), baric iodide and baric te truth innate are pro- 
duced : — 

fSOo 

2SS"0B«." + I, = Bal, + j j*„ B«o". 

1 80,-1 

Baric thioaulphatc. Baric iodide. Baric tctrathionatc. 

This salt, when decomposed by sulphuric acid, yields tetra- 
thiouic acid. 

FENTATHIOKIC ACID, Trisulphodithionic Acid t 
Trisulphurettcd Jlypotulphuric Acid. 

f SOJIo 

I 8" 

< 8" 

18" 

l S0 2 lle 
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SELENIUM. 


Preparation. — This acid is obtained by the action of hydro- 
sulphuric acid on sulphurous anhydride : — 
fSO a Ho 

S" • 

5SH, + 580, - < S" + 40H, + 8,. 

I S" 

LsO,Ho 

Suiphorrttod Sulnhurou* Peatathionio Mid. Water, 

hydrogen. anhydride. 

SELENIUM, Se a . 

Atomic weight =79. Molecular weight = 158. Molecular vo- 
lume m- 1 litre of selenium vapour weighs 79 criths. 
Sp. gr. 4’3. Fuses a littte above 100°. Boils at about 700°. 
Atomicity ", lT , and vi . Evidence of atomicity : — 


Ilydroselenic acid Se"H a . 

SeleniouH chloride S©‘ T C1 4 . 

Stdenic acid Se Ti O a lIo a . 


Occurrence . — In small quantities in some mineral sulphides. 

COMPOUNDS OF SELENIUM WITH HYDROGEN 
AND CHLORINE. 

SKLKNIU RETTED HYDROGEN, Hydroselenic Acid. 
Sell,. 

Molecular weight =81. Molecular volume 1 11 . I litre weigh* 
40 5 criths. 

Preparation . — By the action of hydrochloric acid upon fer- 
rous selenide: — 

FaSe" + 2HC1 = Sail, + FaCl,. 

Karroo* aelenide. Hydrochloric Hydroaelanic Ferroai chloride, 
acid. add. 

Character . — Like hydroeulphuric acid, it produces precipi- 
tates in solutions of most of the heavy metals. 

There are two chlorides of selenium : '8a',Cl and '8aC) v 
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COMPOUNDS OF SELENIUM WITH OXYGEN 
AND HYDROXYL . 


Selenious anhydride 8eO a . 

Selenious acid SeOHo,. 

Selenic acid SeO a Ho,. 


These bodies closely resemble the corresponding sulphur 
compounds. 

Selenious anhydride is formed by burning selenium in oxy- 
gen 

Se, -f 20 a - 2SeO a . 

Rrlcntmu 

anhydride. 

Selenious acid is formed by dissolving the anhydride in boil- 
ing water and crystallizing. 

Potassic seleniate is prepared by fusing selenium or metallic 
selenides with nitre. The acid is obtained by transforming the 
potassic salt into a plumbic salt, and subsequently decompo- 
sing the latter with hydrosulphuric acid. 


TELLURIUM, Te t . 

Atomic weight =* 128. Molecular weight *250. Sp. gr. 0 2. 
Fucei at 490^-500°. Atomicity ", '% and **. Evidence of 
atomicity : — 


Hydrotclluric acid Te"!!,. 

Tellurous chloride Te**Cl 4 . 

Telluric acid TV*O t Ho r 


This element is of even less importance than selenium, which 
it closely resembles. 
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BEOMIKS. 


The following compounds are known 

Hydrotelluric acid (tellur etted hydrogen) 

Hypotellurous chloride 

Tellurous chloride . 

Tellurous anhydride * 

Telluric anhydride 

Tellurous acid 

Telluric acid 


TeH,. 

TeCl a . 

TeCl 4 . 

TeO, 

TeO,. 

TeOHo, ? 

TeO a Ho a , 


CHAPTER XIV. 

MONAD ELEMENTS. 

Section II. ( continued from Chap. VIII.). 
BROMUHE, Br a . 

Atomic weight =K0. Molecular weight = 160. Molecular vo- 
lume m . 1 litre of bromine vapour weighs 80 criths. 
Sp. gr. 318. Fuses at —20°. Boils at 03°. Atomicity '. 
Evidence of Atomicity : — 

Hydrobromie acid HBr. 

Fotansic bromide KBr. 

Argentic bromide AgBr. 

Occurrence. — In small quantities in some saline mineral 
waters. In sea-water, and the waters of the Dead Sea. 

Preparation. — 1. By the treatment with chlorine, of the 
mother-liquors of saline waters containing bromides, and ex- 
tracting the liberated bromine by ether : — 

2KBr + Cl, « 2KC1 + Br a . 

PoUaaic bromide. PoUaaic chloride. 



HYDBOBEOMIC ACID. 


2. By heating together sulphuric acid, aodio bromide, and 
manganic oxide : — 

2NaBr 4 MnO, + 2SO t Ho, = Br t 

Bodte bromide. Manganic oxide. Sulphuric add. 

-f SO^Nno, 4* S0 8 Mno" + 20H t . 

Bodio sulphate. Manganous sulphate. Water. 

Character. — Bromine unites with several metals directly, and 
with great energy. Antimony and arsenic bum in it with bril* 
liancy. 

At 0° bromine combines with water, forming a crystalline 
compound, Br a , 10OlI 8 . 

HYDROBROMIC ACID. 

HBr. 

Molecular weight =81. Molecular volume I 11 . 1 litre of 

hydrobromic acid weighs *40*5 criths. Fuses at — 78°. Boils 
at —69°. 

Preparation . — 1. By passing a mixture of hydrogen and 
bromine vapour through a red-hot tube, or by burning hydro- 
gen in a mixture of bromine vapour and air : — 

H, + Br a = 2H Br. 

Hydrobromic 

acid. 

2. By heating potasaic bromide with phosphoric acid: — 

3KBr + POIIo, = POKo, + 3HBr. 

Potaaaic Phosphoric Potassic Ilydruhromio 

bromide. acid. phosphate. acid. 

Sulphuric acid cannot be employed for this operation, as a 
portion of the hydrobromic acid is then decomposed, bromine 
being liberated : — 

S0 8 Ho 8 4 2IIBr = Br a 4 2011, 4 SO a . 

Sulphuric acid. Hydrobromic Water. Sulphurous 

acid. anhydride. 

3. By the action of water upon phosphorous tribromide : — 

P"'Br a 4 BOH a = P-OHHo, 4- SliBr. 

Phosphorous Water. Phosphorous Uydrobromio 

tribtomide. acid. acid. 
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COMPOUNDS OP B&OM1NI. 


4. By gradually dropping bromine into water containing 
amorphous phosphorus : — 

P a + 3Br a -f 60H a = 2P t OHHo a 4* 6HBr. 

Water. Phosphorous Hydrobromic 

acid. acid. 


6. By passing sulphuretted hydrogen through water con- 
taining bromine : — 

2SH a 4* 2Br a = 4HBr + S a . 

Sulphuretted Hydrobromic 

hydrogen. acid. 


Reaction*. — 1. Decomposed by chlorine with liberation of 
bromine : — 


2HBr * + Cl. 

Hydrobromic 

acid. 


= 211 Cl 4- Br a . 

Hydrochloric 

acid. 


2. By the action of atmospheric oxygen a small quantity of 
bromine is liberated ; but the decomposition is soon arrested : — 


4IIBr 4 O a _ 20H a + 2Br a . 

Hydrobromic Water. Bromine, 

add. 


3. In contact w’ith metallic oxides, hydrates, and salts, bro- 
mides are formed. 


COMPOUNDS OF BROMINE WITH OXTOEN 
AND HYDROXYL, 

Hypobromous anhydride OBr t . 


Hypobromous acid OBrH. 

rOBr 

Bromic acid i O . 

I OH 


The graphic formulae of these compounds are analogous to 
those of the corresponding chlorine compounds, given at page 46. 
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HYPOBEOMOUS AHHYDEIDE. 

OBr a . 

Preparation. — By passing bromine vapour over dry men* uric 
oxide : — 

HgO + 2Br a = HgBr a + OBr a . 

Merenno Mercuric Hypohromou. 

oxide. bromide. anhydride. 

HYPOBEOMOUS ACID. 

OBrII. 

Preparation. — 1. By passing hypobromous anhydride into 
water : — 

OBr a + Oil, = 20 Bril. 

Hypobromoue Water. Uypobromou* 

anhydride. aeul. 

2. By agitating mercuric oxide with bromine-water 

HgBr 

2HgO + OH a + 2Br a = 20BrIl + O 

. Hg Br 

Mercuric Water. Hypolaromous Mercuric 

oxide. acid. oxy bromide. 

BE0M3C ACID. 

fOBr 
t Olio* 

Preparation. — By acting upon a solution of baric bromate 
with sulphuric acid : — 


fOBr 




0 

<Bao" + 
0 

SOjHo, - 2{g®; + 

•O a Bao' 

J>Br 




Baric bromate 

Balphpric 

Bromic 

acid. 

Baric 

wlybta 
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IODINE. 


Reaction. — By boiling, bromic acid decomposes into water, 
bromine, and oxygen : — 

4 {ou r o = 2Br ‘ + - OH ‘ + 50 - 

Bromic ncid. Water. 

Preparation of bromates. — 1. By adding bromine to a solu- 
tion of a metallic hydrate, and separating the bromate by crys- 
tallization : — 

6KH0 + 3Br, = 5KBr + j + 30H a . 

Potamic I'otruwic Potamic Water. 

hydrate. bromide. bromate. 

2. By the action of potassic hydrate on bromine pentachlo- 
ride : — 

OKIIo + BrCl, = 5 1C Cl + + 3011,. 

Potamic Bromine Potamic Potamic Water. 

hydrate. |K>iitaohlondc. chloride. bromate. 

Character of bromate*. — Some of the bromates when heated 
lose oxygen, being transformed into bromides : — 

2 {oko = 2KBr + *> r 

Potamic PotaMic 

bromate. bromide. 

Others evolve bromine and a portion of their oxygen, leaving 
metallic oxides : — 

fOBr 

0 

2*1 Mgo" « 2MgO + 2Br, + 50*. 

O 

lOBr 

Magnetic Magnetic 

bromate. oude. 


IODINE, I a . 

Atomic weight =127. Molecular weight =254. Molecular 
volume I 11 . 1 litre of iodine vapour weight 127 erithe . 

Sp. gr. 4*95. Fusee at 107°. Boils at 180°. Atomicity 
Evidence of atomicity : — 
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Hvdriodic acid 

III. 

Potassic iodide 

KI. 

Argentic iodide 

Agl 


Occurrence . — In mineral springs, in sea-water, and in con- 
siderable quantities in sea-plants. 

Manufacture . — Sea-weeds are burnt or carbonized in iron 
retorts, and the ash or charcoal is extracted with water. The 
liquid is evaporated, and, after a considerable quantity of »odic 
carbonate and chloride has crystallized out, the mother-liquor, 
which contains potassic iodide, is distilled with sulphuric acid 
and manganic oxide : — 

2KI + M»O a +2SO Jlo a = SO a Ko a + S( ) a Miio" + I, + 20H r 

PoUmic Manganic Sulphuric Potnuwc ManganottR Water 

iodide. oxide. a<id. ftuJphntc. sulphate. 

Reactions. — 1. Iodine is separated from nearly all its com- 
pounds by chlorine and bromine : — 


2KI 

+ 

CL 

= 2KC1 

PoUllftit* 

iodide. 



Pot Aft ft ic 
chlorate. 

2KI 

-4- 

Mr, 

= 2KBr 

Poturaic 

iodide. 



]*ntiUMir 

bromide. 


2. Iodine unites directly with many metals. 


HYDRIODIC ACID. 

HI. 

Molecular weight = 1 2S. Molecular volume i | ) • 1 litre of 

hgdriodie acid weighs 64 criths. Fuses at — 55°. 

Preparation. — 1. By passing iodine vapour and hydrogen 
through a red-hot tube or over spongy platinum gently heated: — 

H, + I, * 2111. 
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HYDRIODIC ACID. 


2. By the action of dilute sulphuric acid on baric iodide, or 
of phosphoric acid on any iodide : — 

Bal a + S0 3 Ho a = 2HI + SO a Bao". 

Baric Sulphuric Hydriodio Baric 

iodide. acid. add. sulphate. 

3. By decomposing phosphorous triiodide by water : — 

PI a + 30H a = POHHo a + SHI. 

Phosphorous Water. Phosphorous Hydriodic 

tri iodide. add. add. 

4. By heating together water, potassic iodide, iodine, and 
phosphorus : — 

4KI + P a + 5I 3 + sOH a = 14HI + 2POHoKo a . 

Potassic Water. Hydriodic Hydric dinotassic 

iodide. add. phosphate. 

5. A solution of hydriodic acid is obtained by passing sulphu- 
retted hydrogen through water in which iodine is BUBpended: — 

2SH a + 21, = 4HI + S a . 

Sulphuretted Hydriodic 

hydrogen. acid. 

Reactions. — 1. Decomposed by chlorine and bromine, with 
liberation of iodine : — 


211 1 
Hydriodic 
acid. 

+ 

a 

= 2IIC1 + 

Hydrochloric 

acid. 

I. 

2III 

Hydriodio 

add. 

+ 

Br, 

= 21IBr + 

Hrdrobromio 

acid. 

I. 


2. It is gradually but completely decomposed by atmospheric 
oxygen ; the iodone, which at first remains dissolved in the 
hydriodic acid, is after a time deposited in crystals : — 

4HI + O a « 2011, -f- 2I a . 

Hydriodio Water, 

add. 

3. With metallic oxides, hydrates, and some salts it forms 
iodides. Even argentic chloride is transformed by hydriodic 
acid into argentic iodide : — 

AgCl + HI - Agl + HOI. 

Argentic Hydriodic Argentic Hydrochloric 

okurida acid. iodide. add. 



COMPOUNDS OF IODINE. 


yo 


4. Hydriodic acid is rapidly decomposed by mercury, with 
liberation of hydrogen : — 

2HI + 2Hg = 'Hg' a I a + H a . 

Hydriodic Mercurous 

acid. iodide. 


COMPOUNDS OF IODINE WITH OXYGEN AND 
HYDROXYL. 


Iodic anhydride 


Iodic acid 


Periodic anhydride 


Periodic acid 


The graphic formulae of these compounds are analogous to 
those of the corresponding chlorine compounds given at p. 40. 


( IODIC AJJHYDRIDE. 



96 


IODIC ACID. 


Preparation . — By heating iodic acid to 170°, when it sepa- 
rates into iodic anhydride and water : — 

^ { Olio = OH ‘ + (g 

loi 

Iodic acid. Iodic anhydride. 


lieaction . — When strongly heated, it decomposes into iodine 
and oxygen. 


IODIC ACID. 

I OT 
t Olio' 

Preparation . — ]. By the action of sulphuric acid upon baric 
iodate : — 

r?. 

^ Bao" + 

O 

vOI 

Baric iodate. Sulphuric Iodic acid. Baric sulphate, 

acid. 

2. By oxidizing iodine with strong boiling nitric acid : — 
(INO.IIo + I, = 2 { gJ Io + 2011, + 2N,o, + n-.o,. 

Nitric acid. Iodic acid. Water. Nitrons Nitric 

anhydride. peroxide. 

3. By acting upon iodine and water with chlorine: — 

1, + con, + 5 C 1 , = 2 { g } r {o + 10HCI. 

Water. Iodic acid. Hydrochloric 

acid. 

1 {tactions. — 1. In contact with hydriodic acid it forms water 
and iodine : — 

{OH. + 5111 = 30H > + 8I *‘ 

Iodioacid. Hydriodic Water, 

acid. 


SO,lIo, = 2 { gh„ + 


SO.Bao" 
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2. It is reduced by many other deoxidizing agents. 

Preparation of Iodates. — 1. By treating solutions of metallic 
hydrates with iodine, and separating the iodate by crystalliza- 
tion : — 

6KHo + 3I a = SKI + + 30H a . 

PoteMic Potaaaio PottuMie W T atcr. 

hydrate. iodide. iodate. 

2. By dissolving iodine in potassic hydrate and treating the 
mixture with chlorine : — 

12KlIo + I.. + SCI, = 10KC1 + 2 | ®{ Co + 0OIl a . 

Potamic PoUuwic I*otaiu*ie Water. 

hydrate. chloride. iodate. 


8. By heating together potnssic chlorate and iodine : — 


i, + 


foKo = IC1 + 

Potansic Iodine, 

chlorate. monochloride. 


( 


OI 

OKo- 


Potanic 

iodate. 


Character of Iodates . — Some of the iodates when heated split 
into iodides and oxygen, other* into metallic oxides, iodine, and 
oxygen. 

Ibdic acid gives several well-defined nnhydro-salts. 


PERIODIC ANHYDRIDE. 


I'jOt, or< 


OI 

o 
o 
o* 
o 
I O 

lOI 


Preparation . — By heating periodic acid to 100° 
[OI 

O « 1,0, + OH a . 
OHo 


Periodic 


Periodic 

aabydrido. 


Water. 
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FLUORINE. 


Reaction . — When heated it is decomposed into oxygen and 
iodic anhydride, and ultimately into iodine and oxygen. 


! PERIODIC ACID. 

roi 
- o . 

OHo 

Preparation . — By decomposing plumbic periodate with sul- 
phuric acid : — 


roi 




0 




o 


fOi 


- Pbo" 

+ SOJIo, = 

2 •! o + 

SO a Pbo’ 

O 

(Olio 


0 




.oi 




Plumbic 

Sulphuric 

Periodic 

Plumbic 

iwriodat*. 

arid. 

acid. 

■ulphatc. 


Reparation of Periodates . — Sodic periodate may be prepared 
by passing chlorine through mixed solutions of sodic hydrate 
and sodic iodate : — 

fOI f 01 

I ONao + 2NaHo + C1 3 = I 0 + Oil, 4- 2NaCl. 

1 l ONao 

Hodio Sodic Sodic Water. Sodic 

iodate. hydrate. periodate. chloride. 


FLUORINE, F a . 

Atomic weight =19. Molecular weight =38 (?). Molecular 
volume t 1 1 . I litre weighs 19 criths (?). Atomicity 
Evidence of atomicity : — 

Hydrofluoric acid HF. 

Occurrence . — In combination with metals in fluorspar, cryo- 
lite, apatite, and other minerals. Widely but Bparsely diffused. 
Little is known of fluorine in the uncombined condition. 



SILICON. 


99 


COMPOUND OF FLU0B1NE WITH HYDROGEN 

HYDROFLUORIC ACID. 

HF. 

Molecular weight =20. Molecular volume CTT 1 litre weighs 
10 criths. Boils at —l 9°*5. Sp. gr. of liquid *9875 at 18°. 
Preparation . — By heating calcic fluoride with sulphuric acid 
in a leaden or platinum vessel : — 

CaF a + SO,Ho v « 2HF + 8<) a Cao". 

Calcic Sulphuric Hydrofluoric Calcic 

fluoride. acid. acid. auljthate. 


CHAPTER XV. 

TETRAD ELEMENTS. 

Section 1. ( Continued from Chapter XI.) 

SILICON, Silicium , Si. 

Atomic weight =2S # 5. Sp.gr. ( graphitoidal ) =2 49. Atomicity ,T . 
Evidence of atomicity : — 

Silicic chloride SiCl 4 . 

Silicic fluoride SiF 4 . 

Occurrence . — Silicon is one of the most widely diffused ele- 
ments. It is found, in combination w ith oxygen and metals, in 
a very large number of minerals, 
a. Amorphous Silicon. 

Preparation. — 1. By heating potassic silicofluoride with 
potassium : — 

SiK^F. + 2K, - Si + OKF. 

PoUaaio PotMaic 

aUioofiuoridr. fluoride. 
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81LICON. 


2. By heating sodium in a current of the vapour of silicic 
chloride ; — 

SiCl 4 + 2Na a * Si 4- 4NaCl. 

Silicic Sodic 

chloride. chloride. 

Reactions. — 1. Silicon is dissolved by aqueous hydrofluoric 
acid, and converted into hydrofluosilicic acid : — 

Si + 6HF = SiH a F 0 + 2H a . 

Hydrofluoric Hydrofluosilicic 
acid. acid. 

2. When fused with potassic hydrate, or boiled in its solu- 
tion, it yields potassic silicate : — 

Si + 4KHo = SiKo 4 + 2H a . 

Potaasic Potassic 

hydrate. silicate. 

3. Jleated in the air, it burns, producing silicic anhydride. 

ft. Oraphitoidal Silicon. 

Preparation. — By fusing amorphous silicon with aluminium, 
and boiling the compound in hydrochloric or hydrofluoric acid, 
which dissolves the aluminium, leaving the silicon in the form 
of hexagonal plates with a metallic lustre. . 

Character . — May be heated to whiteness in oxygon without 
burning. 

Is gradually oxidized by a mixture of nitric and hydrofluoric 
acids. 

Is slowly attacked by fused potassic hydrate. 

y. Adamantine Silicon. 

Preparation. — 1. By heating aluminium very strongly in a 
current of the vapour of silicic chloride. The aluminic chloride 
which iB formed volatilizes, leaving the adamantine silicon be- 
hind : — 

8SIC1 4 + 2A1, - 2'Ar" 2 Cl 4 4- Si,. 

Silicic Alumixuc 

chloride. chloride. 

2. By fusing amorphous silicon. 
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SILICIC HYDRIDE. 

SiII 4 . 

Molecular weight =32*5. 

Preparation . — 1. By decomposing dilute sulphuric acid by 
a feeble electric current passing from electrodes of aluminium 
containing silicon, when the silicic hydride is evolved at the 
negative pole. 

2. By decomposing magnesic silicide with hydrochloric 
acid : — 

SttMg", + 4IIC1 = 2Mgri t + SiII 4 . 

Magnetic Hydrochloric Ma^ncuic Silicic 

sihcidc. acid. chloride. hydride. 

3. Both the above processes furnish Hilic-ic hydride mixed 
with much hydrogen ; but if ethylic silieoformate be placed in 
contact with sodium, it splits up into ethylic silicate and pure 
silicic hydride, the sodium remaining unaffected : — 

4Siii(C a H 5 o^ = sin, 4 - nsitr.ir.O),. 

Ethylic silieoformate Silicic Ethylic silicate, 

hydride. 

Reaction t. — 1. Under reduced pressure or mixed with hy- 
drogen, inflames spontaneously in air, producing water and 
silicic anhydride : — 

Sill 4 + 20 a = SiO a 4- 20H a . 

Silicic Silicic Water, 

hydride. anhydride. 

2. Decomposed by solution of potassic hydrate, yielding 
exactly four times its volume of hydrogeu : — 

SiH 4 4* 2KHo 4- OH a = 8iOKo a 4- 4H a . 

SUieie hydride. Potassic Water. Potassic 

hydrate. silicate. 

SILICIC CHLORIDE. 

SiCl 4 . 

Molecular weight *» 170*5. Molecular volume m 1 litre 
weighs 85*25 ertiks. Sp. gr. of liquid 1*52. Boils at 59°. 
Preparation. — 1. By burning silicon in chlorine. 
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m 

2. By heating a mixture of carbon and silicic anhydride in 
a stream of chlorine : — 

8iO a + 2C + 20, = SIC1 4 + 200. 

Silicic Silirio Carbonic 

anhydride. chloride. oxide. 

Reaction.— By contact with water it produces silicic and hy- 
drochloric acids : — 

SiCl 4 + 40H a = SiHo 4 + 4HC1. 

Silicic Water. Silicic Hydroohloric 

chloride. acid. add. 


SILICIC HYDROTRICHLORIDE, Silicon Chloroform. 
SiHClg. 

Molecular weight =136. Molecular volume f~T~l » 1 litre 
weighs 68 criths. Boils at 36°. 

Preparation. — By heating crystallized silicon to dull redness 
in a current of hydrochloric acid gas : — 

Si -I- 3HC1 = SiHCl, + H a . 

Hydros ‘doric Silicic 

add. hydrotrichloride. 

Reactions . — 1. Is decomposed by chlorine at ordinary tem- 
peratures : — 

SiHCl, + Cl a = SiCI 4 + HC1. 

Silicic Silido Hydroohloric 

hydrotrichloride. chloride. add. 

2. By contact with water it is transformed into Disilicic 
hydrotrioxide, or Silicoformic anhydride : — 

fSiHO 

2 SiHCl, + 30H, = i O + 6HC1. 

( SIHO 

Silicic Water. Silicoformic 

anhydride. 


hydrotrichloride. 


Hydrochloric 
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SILICIC BROMIDE. 

SiBr 4 . 

Molecular weight =348*5. Sp. gr. 2*813 at 0°. Boil* at 153°. 

Preparation . — By the same method as that employed for 
making the chloride, bromine vapour being substituted for chlo- 
rine. 

Reaction . — Decomposed by water in the same manner as the 
chloride. 


SILICIC IODIDE. 

Sil 4 . 

Molecular weight =530*5. Molecular volume [Z ED* Fusee at 
120°*5. Boils in carbonic anhydride at 290°. 

Preparation. — By passing iodine vapour and carbonic anhy- 
dride over red-hot silicon. 

Reactions. — 1. Decomposed by water into silicic and hydri- 
odic acids. 

2. By absolute alcohol it is decomposed, with production of 
silicic anhydride, ethylic iodide, and hydriodie acid : — 

Sil 4 + 2EtHo = Si0 2 + 2EtI + 2 HI. 

Silicic Alcohol. Silicic Ethylic Hydriodie 

iodide. anhydride. iodide. acid. 

SILICIC FLUORIDE. 

8iF 4 . 

Molecular weight =104 5. Molecular volume I PI . 1 litre 
weighs 52*25 criths. Fuses at —140° C. Condensable gas. 

Preparation. — By heating together silicic anhydride, calcic 
fluoride, and sulphuric acid : — 

SiO, + 2CaF 3 + 2SO a Ho 2 = 8IF 4 

Silicic Calcic Sulphuric Silicic 

anhydride. fluoride. add. fluoride. 

4" 280Ho a Cao". 

Dibydric calcic ndphale. 
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COMPOUNDS OP SILICON. 


Reaction , — By contact with water it produces silicic and 
hjdrofluosilicic acids : — 

3 SiF 4 + 40H, = SiHo 4 + 28iH a F e . 

Silioio Water. Silicic Hjdroflnoeilieie 

fluoride. acid. add. 

By contact with metallic oxides, hydrates, and salts, hydrofluo- 
silicic acid produces silicofluorides, some of which, as the potassic 
and baric compounds, are insoluble in water : — 

SiH.F„ + 2KHo = SiK a F 0 + 20H a . 

Hydroflucwilioio Potassic Potiuwio Water, 

add. hydrate. silioofluoride. 


COMPOUNDS OF SILICON WITH OXYGEN AND 
HYDROXYL. 

Silicic anhydride SiO a . 

Silicic acid S£Ho 4 and SiOHo,. 


Other Modification* of Silicic acid. 

81 , 0 , 110 , Bifijlo, 

Si,0 # Ho a Si 4 O tt Ho. 

Si 4 0 7 Ho a Si,0 15 Ho,. 

Si 4 0 4 Ho 4 


. SILICIC ANHYDRIDE. 

810 .. 

Molecular weight =60 5. Sp. gr. 2 69. 

Occurrence . — In the pure state in many minerals, as quarts, 
agate, Ac. 

PrvmaraiuM — Bv heatincr silicic acid to 100°. 
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SILICIC ACID. 

Tetrabasic... SiHo 4 . Dibasic... SiOHo a . 

Preparation. — 1. By treating a solution of a soluble, silicate 
with hydrochloric acid : — 

Sitfao, + 4HC1 = SiHo 4 + 4NaCl. 

Sodio Hydrochlorio Silioio Sodio 

silicate. acid. acid. chloride 

2. By passing a stream of carbonic anhydride through a 
solution of a soluble silicate : — 

SiNao 4 4- 40H 2 + 4CO a = SiIIo 4 + 4COHoNao. 

Sodio Water. Carbonic Silioio Hydricoodio 

silicate. anhydride. acid. carbonate. 


A reaction similar to this is the cause of the disintegration 
of granitic rocks. 

3. By passing silicic fluoride through water. (See p. 104.) 

4. The bibasic silicic acid is said to bo produced by the eva- 
poration in vacuo at 16° of a solution of the tetrabasic acid in 
water. 

The acid prepared by the first three of the above processes 
has probably the formula Silio 4 ; by drying in the air, a com- 
pound remains containing 

Si,H.O„ - Si,O.Ho,. 

This last acid, heated to 100°, loses more water, being trans- 
formed into 


Si,H,O u - Sl,O 10 Ho.. 

5. By tbe action of water on tetrethylic silicate, a compound 
is produced containing 

Si.H.O,, - 


W.O.Ho,. 
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8ILTCA.TE8. 


SILICATES. 

The soluble alkaline silicates may be prepared by fusing 
silicic anhydride, in the form of sand or flints, or insoluble 
natural 'silicates, with alkaline hydrates or carbonates. 

The silicates form a very important class of minerals. The 
following list contains a few examples : — 


Sand. 

Flint. 

Kock crystal. 
Quartz. 

Opal. 

Chalcedony. 

Peridote 

Phenacite. 

Willemite. 

Zircon. 

Enstatite. 


y Silicic anhydride SiO„. 


Dimagnesic silicate SiMgo" a . 

Diglucinic silicate SiGlo" a . 

Dizincic silicate SiZno" a . 

Zirconic silicate SiZro iv . 

Monomagnesic silicate . . . SiOMgo". 


Yorke’s Sodic silicate 


Ophite (Noble Serpentine) 

Diopside. Calcic magnetic disilicate .. . 


SiNao, 

* O 

k SiNao, 

rsi , 

\ o Mgo'V 
(81 » 

ggCao'Mgo". 


Talc. Tetramagnesic pentasilieate Si 8 0,Mgo" 4 . 

fSiHo,-, 

Okenite. Tetrdhydric calcic dizilicate . < O Cao". 

I SlHo,— * 
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Serpentine. Dihydric trimagnesic disi - 
licate 



Steatite. Trimagnesic tetrasilicate Si 4 0 8 Mgo" s . 


Meerschaum. 

trisilicate 


Tetrahydric dimagnesic 


SiHoMgo" 

O 

SiHo, 

O 

SiHoMgo" 


Pyrophyllite. Dihydric aluminic tetra- 
silicate 


SiOHo—i 
SiO — 1 I 

SiO j*?' 

SiOIIo— * 


Anorthite. Aluminic calcic disilicate . . . 
Labradorite. Aluminic calcic trisilicate 


Si,( ' AT " ,0 e )*‘ Cao". 

SiO ! 

SiCao"-Alo vi . 

SiO » 


(Irossularia. Aluminic tricalcic trisili- 
cate 


SiOao" — , 
SiCao'-Aio™. 
SiOao" — 1 


Emerald. Triglucinic aluminic hcxa- 1 g| q Alo Ti Glo" 
silicate J ° 6 * 

SiO — j 

Chloropal. Ferric trisilicate Si 0-1 eo’ 1 , 3011 3 , 

SiO- J 


Felspar. Orthose. 
nic hcxasilicatc 


Dipotassic alumi- J Sifl0 ,Ko 8 Alo* 


SILICIC SULPHIDE. 

sis'v 

Preparation . — By passing the vapour of carbonic disulphide 
over silicic anhydride heated to redness : — 

SiO, 4- CS", « SiS", + CO,. 

Silicic Carbone Silicic Carbonic 

anhydride. diaultthide. mlohide. anhydride. 
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TIN. 


Reaction . — By the action of water, hydrosulphuric acid is 
evolved, and the solution contains silicic acid : — 

SiS a + 40If, = SiIIo 4 + 2SH 9 . 

Silicic Water. * Silicic Sulphuretted 

•sulphide. acid. hydrogen. 


TIN, Sn. 


Atomic weight =118. Molecular weight unknown. Sp. gr. 
7 28. Fuse s at 228°. Atomicity " and iT , also a pseudo-triad. 


The following are the names and probable formulae of the 
principal compounds of this metal : — 

Stannous chloride 

SnCl a . 

Stannic chloride 

SnCl 4 . 

Stannous oxide 

Sn 0. 

Stannic oxide or anhydride 

SnO a . 


fSnCl 

Distannous oxydiehloride. . - 

O a— Sn— 0— Sn— Ci 

( SnCl. 

Stannous hydrate 

Snllo,. II— O — Sn — 0 — H 


0 

Stannic acid 

SnOIIo,. || 


H-O-Sn—O— H 

Dipotassic stannite 

SnKo,. 

Dipotassic stannate 

SnOKo a , 40H 9 . 

Distannic trioxide j 

L SnO 0 ’ o=S*-Sn=0 


or 


O 

Stannous stagnate SnOSno'. 0==Sn Sn 
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fSnHo, 

I o 

Snllo, 


Metastannic acid (dried at 


Distannic trisulphide 


Dipotassie metastannatc . 


Stannous sulphide. 
Stannic sulphide . 


O 

SnHo a 

O 

l Snllo, 

f Snllo.. Ko 
O 

SnUo a 

O 

SnO 

O 

Snllo.. 

O 

SnlToKo 


f SnS 1 ' „ 


S=Sn — Sn=S. 


Stannous sulphostannate . SnSSns". S~8n 8n 


Stannous sulphate SO a Sno 8' ^Su 

I! V 


TITAHIUH, Ti. 

Atomic weight =50. Molecular weight unknown . Sp. gr, 5*3. 
Atomicity " and **, also a pseudo-triad. 
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COMTOgKPg OF TITANIUM, 


The following are the names and jprobable formal® of the 


chief compounds of titanium 


Cl 

I 

Titanic tetrachloride 

mci 4 . 

Cl— 1 Ti— Cl 

1 



di 


nc\, 

Tici; 

, Cl Cl 

Dititanic hexachloride . . . j 

Cl— Ti— 4— Cl 



i <k 

Titanous oxide 

no. 

Ti=0 

Titanic oxide or anhydride l 
(Butile, Anatase, Brook - 

► TiO s . 


ite) J 

Titanic acid 

TiOHo, 

i 

0 

1 

c *1 

0 

1 

t— 

Hi 

Titanic sulphide 

Dititanic dinitridi* 

TiS" a . 
f TiN 

\ TiN'" ‘ 

NsTi— TisN 


N 

/J\ 

Trititanic tetranitride Ti N"' N=Ti Ti Ti~N. 

ill 

N 
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CHAPTER XVI. 

PENTAD ELEMENTS. 

Section I. {Continued from Chapter XII.) 
PHOSPHORUS, P 4 . 

Atomic weight =31. Molecular weight =124. Molecular 
volume m . 1 litre of phosphorus vapour weighs 02 
criths. Sp. gr. 1*83. j Fuses at 44-45°. Boils at 200°. 
Atomicity and t . Evidence of atomicity : — 


Phosphorous trihydride P'"H r 

Phosphorous trichloride P"'C1 3 . 

Phosphoric chloride P^l,,. 

Phosphonic iodide P T H 4 I. 


Occurrence . — In combination as a constituent of several 
minerals, and in small quantities in most rocks and soils. 

In plants, and in the brain, nerves, urine, and bones of 
animals. 

Manufacture . — Calcined bones or Sombrcrite, both of which 
consist chiefly of calcic phosphate, are digested with sulphuric 
acid, by which the tricalcic diphosphate is converted into tetra- 
hydric calcic diphosphate : — 

P^Cao", + 280,Ho a = P 2 O a Ho 4 Cao" + 2SO a Cao". 

Tricalcic diphoa- Sulphuric Trtrnhjdric calcic Calrin 

phate (Bonc-aab). acid. diphosphate. sulphate. 

The tetrahydric calcic phosphate is extracted with water 
from the calcic sulphate, evaporated, mixed with charcoal, dried 
and distilled, when phosphorus, carbonic oxide, and tricalcic 
diphosphate are produced : — 

3P a 0 4 Cao" 4* C K « P a O a Cao" 3 4* 10OO 4- P 4 . 

Calcic mete- Tricalcic Carbonic 

pbwp toc. diphoepbate. oxide. 
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AMORPHOUS PHOSPHORUS. Allotropic Phosphorus. Red 
Phosphorus . 

Obtained by beating common phosphorus to 230°-260° in 
close vessels. 

Neither the number nor the arrangement of the atoms in 
the molecule of this variety of phosphorus is known. 


COMPOUNDS OF PHOSPHORUS WITH 
HYDROGEN. 

Phosphorus forms three compounds with hydrogen. They 
cannot bo obtained by the direct combination of their elements. 

Solid phosphorettod hydrogen ... | P(P'"H)"^ 

Liquid ditto 'P" 3 H 4 . 

Gaseous ditto PH,. 


GASEOUS PHOSPHORETTED HYDROGEN. 
H 

H— i»— H 




Molecular weight- =34-. Molecular volume fTT 1 litre weighs 
17 criths . 


Preparation . — 1. By heating hypophosphorous acid .— 
2POH„Ho * PH, + POHo # . 

H .rpophomthorau PhocphoreOed 
»o>a. hjarogen. 

2. By heating phosphorous acid : — 


Phosphoric 


4POHHo a 

Phoophoroas 


= PH, + 


Pkahowtted 

hrdroMB. 


SPOHog. 

Pboi^orie 
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8. B y heating phosphorus with solution of sodic or potaBBic 
drate: — 

30NaH + P 4 + 3011, - 3POH,Nao + PH,. 

Bodic WiU*r. Sodic* Phoauhorctied 

hydrate. hypophoaphite. hydrogen. 

The gas prepared by this process contains free hydrogen and 
the vapour of liquid phosphoretted hydrogen. 

Reactions. — 1. By combustion in oxygen it yields phosphoric 
acid : — 

PH, + 20, = POHo,. 

Phownhoretted Phosphoric 

hydrogen. acid. 

2. When passed through a solution of cupric Bulphatc, it 
causes a black precipitate* of cupric phosphide : — 

2PH, + 3SO a Ouo" = P,Cu", 380,110,. 

Phoaphorcttcd Cupnc* Cupric* Sulphuric 

hydrogen. aulphatc. phosphide. acid. 

3. 'When passed through n solution of argentic nitrate, me- 
tallic silver and nitric and phosphoric acids are formed : — 

PII, + HNO a Ago + 40 IT, = POIIo, + 4Ag a -f SNO.Ho. 

Phoaphoretted Argentic* Water. Phoaphonc Nitric 

hydrogen. nitrate. acid. acid. 

4. It unites directly with hydriodic and hydrobromic. acids 
when they are presented to it in the nascent state, forming 
compounds isomorphous with the corresponding substances in 
the nitrogen series : — 

PH, + 31, - PI, + 3HI ; 

Phoaphoretted Pboaphoroua Hydriodic 

hydrogen. triiodide. add. 

3FH, + 3HI - 3PH 4 I. 

Phoaphoretted Hydriodic Phoaphonie 

hydrogen. add. iodide. 

In this behaviour phosphoretted hydrogen bears & striking 
analogy to ammonia, although, unlike the latter compound, it 
does not unite with other acids. 


YOL. i. 


x 
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COMPOUNDS OP FBOSPHOBUS. 


LIQUID PHOSPHORETTED HYDROGEN. 

H H 




PH, 

PH' 


u 

A A 


Molecular weight s»G6. Boils between 30° and 40°. 

Preparation . — By the action of water or very dilute hydro- 
chloric acid upon calcic phosphide, 'P" a Ca" a , the gas evolved 
being transmitted through a freezing-mixture : — 

'P" a Ca" a + 4011 a = 'P" 3 II 4 + 2Ca"Ho s . 

Calcic Waiter. Liquid phoo- Calcic 

phosphide. uhoretted hydrate. 

hydrogen. 

The calcic phosphide is prepared by passing the vapour of 
phosphorus over lime heated to redness : — 

14P -4- 14CaO = 2P a O,tao" 3 + 5 P " 2 Ca a . 

Lime. Calcic Calcic 

pyrophosphate. phosphide. 


Reaction, — Decomposed by sunlight into solid and gaseous 
phosphorotted hydrogen : — 


5'P" a H 4 « 6PH S + 

Liquid phospho* Gaseous phospho- 

ratted hydrogen. rctU'd hydrogen. 


1 


P(P'"H)” 

P(P'"H)" 


? 


Solid phosphoretted 
hydrogen. 


SOLID PHOSPHORETTED HYDROGEN. 


f P(F"11)" 
\ P(F H)*' 


? 


Molecular weight sal 26 ? 

Preparation. — By dissolving calcic phosphide in concen- 
trated hydrochloric acid, or by the action of light upon the 
liquid phosphoretted hydrogen. 
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COMPOUNDS OF PHOSPHORUS WITH 
CHLORINE. 

Phosphorus forms two compounds with chlorine : — 


Phosphorous trichloride PCI,. 

Phosphoric chloride PC1 5 . 


PHOSPHOROUS CHLORIDE. 

Cl 



Molecular weight = 137 *5. Molecular volume I litre of 

phosphorous trichloride vapour weighs GN‘75 criths. Sp. gr. 
145. Boils at 74°. 


Preparation . — By the action of chlorine upon phosphorus: — 
P., + 3Cl a = 2PCI,. 

Reaction . — By the action of water it yields hydrochloric 
and phosphorous acids : — 

PCI, + 3011., = 3HC1 + POIIHo,. 

Phosphorous Water. Hydrochloric Phosphorous 

trichloride. acid. sold. 


PHOSPHORIC CHLORIDE. 

Cl 

PCI,. Cl— Cl 
/ \ 

Cl Cl 

Molecular weight = 208 5. Molecular volume » 1 I to ffl- 

i 2 
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COMPOUNDS OP PHOSPHORUS. 


1 litre of phosphoric chloride weighs 52*1 to 104*25 criths. 
Volatilizes below 100°. 

Preparation. — By the action of chlorine upon phosphorous 
trichloride : — 

PCI, + Cl a = PCI,. 

Phosphorous Phosphoric 

trichloride. chloride. 


Reactions. — 1 . By the action of an excess of water it pro- 
duces hydrochloric acid and phosphoric acid : — 


PCI, + lOH, 

- 5IIC1 

+ POHoj. 

Phosphoric Water, 

chloride. 

Hydrochloric 

acid. 

Phosphoric 

acid. 

2. When submitted to the action of alcohols and acids, the 
chlorides of the radicals of the alcohols and acids are obtained, 

thus : — 



/ OIT, , ppi _ 

tCH.lIo + ~ 

sen, 

ICILC1 + 

1IC1 + POCl 3 . 

Kthrlic Phosphoric 

alcohol. chloride. 

Ethylic Hydrochloric Phosphorio 

chloride. acid. oxytrichloride. 

{OIL, po , _ 

| OOlIo + lj ” 

JCIT, 
t COC1 + 

HC1 + POCl,. 

Acetic acid. Phosphoric 

chloride. 

Aoetylie 

chloride. 

Hydrochloric Phosphoric 
acid. oxytrichloride. 


COMPOUND OF PHOSPHORUS WITH CHLORINE 
AND OXYGEN. 

PHOSPHORIC OXYT BICHLORIDE. 

Cl 

POCl,. Cl— P— Cl 

h 

Molecular weight =158 5. Molecular volume 1 1 1 . 1 litre qf 
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phosphoric oxytrichloride vapour weighs 76*75 ertths. Sp. 
gr . 1*7. Boiling-point 110°. 

^ Preparation — 1. By the action of a limited quantity of 
water on phosphoric chloride : — 

PCI, + OH a = POC1, + 21101. 

Phosphoric Water. Phosphoric Hydrochloric 

chloride. oxytrichlorule. acid. 

2. By passing oxygen through boiling phosphorous trichlo- 
ride : — 

PCI, + O = POC1,. 

Phosphorous Phosphoric 

trichloride. oxjr trichloride. 

^ 3. By heating phosphoric chloride with phosphoric anhy- 
dride : — 

PA + 3Pn* = 5POC1,. 

Phosphoric Phosphoric Phosohorie 

anhydride. chloride. oxytricnloride. 

4. It is formed as a secondary product in the preparation of 
the chlorides of alcohol and acid radicals as above described 
(p. 116). 

Reactions. — 1. By contact with water it is transformed into 
hydrochloric and phosphoric acids : — 

poci, + »oif a = Polio, + sun. 

Phosphoric Water. Phosphoric llydroohlorio 

oxylrtcnloride. acid. acid. 

2. By distillation with the salts of organic acids it yields 
the chloracids : «— 

»{&. + pocl * “ 3 { cooi + PON «v 

Sodic Phosphoric Acrtylie Sodic 

aoctatc. oxytrichloride. chloride. phosphate. 

COMPOUND OF PHOSPHORUS WITH CHLORINE 
AND SULPHUR. 

PHOSPHORIC SULPHOTRICHLORIDK. 

PS"Cl r 

Molecular weight =169*5. Boils at 128°. 
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COMPOUNDS OP PHOSPHORUS. 


Preparation. — By the action of sulphuretted hydrogen upon 
phosphoric chloride : — 

PCI, + SH a - PS”C1 3 + 2HC1. 

Phosphoric Sulphuretted Phosphoric Hydrochloric 

chloride. hydrogen. sulphotnohloride. acid. 

Reaction. — When boiled with sodic hydrate, it yields sodic 
chloride and trisodic sulphophosphate : — 

GONaH + PS"C1 3 = 3NaCl + PS'Nao, + 30H a . 

Sodic Phosphoric Sodic Trisodic Water, 

hydrate. sulphotnohloride. chloride. sulpho- 

phosphate. 


COMPOUNDS OF PHOSPHORUS WITH OXTOEN 
AND HYDROXYL. 


Phosphorous anhydride ... P a O s . 


Phosphoric anhydride P a O fl . 


O O 

I! II 

P— O— P 


o o 

it ^ II 

p — O—P 

II II 


o 

I' 

Hypophosphorous acid . . . POH a Ho. P — O — H 

iTh 

0 

H — O — & — O — H 


Phosphorous acid. 


POHHo f . 
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Phosphoric acid 
(tribasic) 


POHo,. 


H — 0 — P — 0 — H 

A 


Metaphosphoric \ pQ H |L 0 — II 

acid (monobasic). J a ‘ m 


O O 


Pyrophosphoric 'j 
acid (tetra- l P a 0 3 IIo 4 . 
basic) J 


] I _ O— P — O P— O — H 

A A 


H H 


Hexabasic phosphoric acid P 4 O r IIo e . 

Sodium salt (Fleitmann and Ilcnneberg) ( Ilexasodic tetra - 
phosphate) P 4 0 7 Nao,. 

o o o o 

II II II II 

Na — O — P — O — P — O — P — O — P — O — Na 

d> <*> o d) 

lla Jva jla lla 

Dodecabasic phosphoric acid P J0 O J9 Ho la . 

Sodium salt (Fleitmann and Hennebcrg) ( Dodeeaeodic deca - 
phosphate) P 10 O l# Nao la . 

Of O "j 0 
Na — O — JlJ — O—l— l—O— l—O— Na 


L I 
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PHOSPHOROUS ACID. 


PHOSPHOROUS ANHYDRIDE. 

P f 0 8 . 

Molecular weight =110. 

Preparation. — By the slow oxidation of phosphorus in » 
gentle current of dry air. 

Reaction. — In contact with water it produces phosphorous 
acid : — 

P a O, + 301I 2 = 2POIIHo a . 

Phosphorous Water. Phosphorous 

anhydride. acid. 


PHOSPHOROUS ACID. 

POHHo,. 

Molecular weight =82. 

Preparation. — 1. By the action of water on phosphorous 
anhydride as above. 

2. By the slow* oxidation of phosphorus in moist air. 

3. By the action of water upon phosphorous chloride (see 
p. 115). 

4. By passing chlorine through phosphorus under hot water. 
Reactions. — 1. When heated, it yields phosphoric acid and 

phosphoretted hydrogen : — 

4POHHo a = 3POHo, + PH, 

Phosphorous Phosphoric Phosphoretted 

acid. acid. hydrogen. 

2. It absorbs oxygen from the air, yielding phosphoric acid : — 
2POHHo, + O, * 2POHo,. 

Phosphorous acid. Phosphoric acid. 



METAPHOSPHORIC ACID. 
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PHOSPHORIC ANHYDRIDE. 

P,0 5 . 

Molecular weight =142. 

Preparation. — By burning phosphorus in excess of dry air 
or oxygen. 

Reaction. — By contact with water it forms metaphosphoric 
acid : — 

P a O g 4- OH, = 2PO,lIo. 

Phosphoric W'ator. Metaphosphoric 

anhydride. acid. 

METAPHOSPHORIC ACID. 

PO,IIo. 

Molecular weight =80. 

Preparation. — 1. By dissolving phosphoric anhydride in 
water (see above). 

2. By heating phosphoric acid to redness : — 

POHo a = PO a Ilo + Oil,. 

Phosphoric Mctaphos- Water, 

acid. phone acid. 

Preparation of metaphosphates. — The metaphosphates may bo 
produced — 

1. By igniting a dihydric phosphate with a fixed base : — 

POHo,Nao = PO,Nao + OH,. 

Dihydric sodic Hodic Water, 

phosphate. metaphosphate. 

2. By igniting a monohydric phosphate which contains one 
atom of a volatile base : — 

POHoNao(N T H 4 0) = PO a Nao + Nil, + OH,. 

Hjrdrio sodic ammonic Sodic Ammonia. Water, 

phosphate. metaphosphate. 

8. By igniting a dihydric pyrophosphate : — 

P,0,Ho,Nao, = 2PO,Nao + OH,. 

Dihydric disodic Sodic Water, 

pyrophosphate. metaphosphate. 
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PHOSPHORIC ACID. 


PYROPHOSPHORIC ACID. 

P a O,Ho 4 . 

Molecular weight ==178. 

Preparation . — 1. By decomposing plumbic pyrophosphate by 
bydrosulphuric acid : — 

P,0,Pbo" a .+ 2SH a = 2PbS" + P a O,Ho 4 . 

Plumbic Sulphuretted Plumbic Pyrophoaphoric 

hydrogen. sulphide. acid. 

2. By heating tribasic phosphoric acid to 213°. 
Pyrophosphates are prepared by heating monohydric phos- 
phates containing two atoms of a monad metal : — 

2POHoNao a = P a O a Nao 4 + OH a . 

Hydrio disodic Sodic Water, 

phosphate. pyrophosphate. 


PHOSPHORIC ACID, Tribasic Phosphoric Acid. 
POHo,. 

Molecular weight =98. 

Preparation. — 1. By boiling a solution of phosphoric anby> 
dride or of metaphosphoric acid in water : — 

P a O, + 30H, *= 2POHo,. 

Phosphoric Water. Phosphoric 

anhydride. acid. 

2. By the oxidation of amorphous phosphorus with nitric 
acid, and then boiling the product with water. 

8. By the action of water upon phosphoric chloride and 
phosphoric oxytrichloride (see pp. 116 and 117). 

4, By the combustion of phosphoretted hydrogen in air or 
oxygen 


PH, + 20, 


POHo,. 
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5. By decomposing tricalcic diphosphate (bone-ash) with a 
large excess of sulphuric acid : — 

P a O a Cao" 3 + 3SO a Ho a + 60H a - 2POHo, 

Tricalcic Sulphuric Water. Phosphoric 

diphosphate. acid. acid. 

+ 3SHo 4 Cao". 

Gypsum. Tctrahydrio 
calcic sulphate. 

Reaction. — When heated to 213° it produces pyrophos- 
phoric acid : — 

2POHo s * P a 0 3 Ho 4 + OII a . 

Phosphoric Pyrophosphono Water. 

, acid. acid. 

The phosphates are a numerous and important class of salts. 
The following list contains some of the most interesting : — 

Common sodic phosphate 1 
(Hydric disod ic phosphate) J 

Trisodic phosphate 

Hydric sodic potassic phosphate 

Apatite ( Francolite ) 

Triple phosphate ( Ammonic ) 

magnetic phosphate) J 

Yivianite 

Wavellite 

Pyromorphite 

VANADIUM, V 4 ? 

Atomic weight =»5r3. Probable molecular weight 205*2. 
Atomicity and T . Evidence of atomicity : — 


Vanadous chloride V'"Cl f . 

Vanadic oxychloride V^OCl,. 


Occurrence . — Sparingly in some lead- and iron-ores. 


POHoNao a , 120H a . 

PONao,. 1 20H a . 
POHoNaoKo, OH,. 

P,0„Cao" 4 (°Ca’). 

POAmoMgo", 
P.OjFeo",, 8011,. 

P 4 0('A1“ 0.> rt , , 120H,. 
P.O.Pt 
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ARSENIC* 


Preparation , — By heating to bright redness vanadous 
chloride in a current of dry hydrogen. 

2VCl a 4- 3H a = V 8 + 6HC1. 

Vanadous chloride. Hydrochloric arid. 


The following list contains the names and formulae of the 
remaining chief compounds of vanadium : — 


Hypovanadous chloride 
Hypovanadous oxide . . . 
Hypovanadic chloride 

Vanadous oxide 

Hypovanadic oxido . . . 

Vanadic anhydride 

Metavanadic acid 

Tribasic vanadic acid . . . 
Pyrovanadic acid 


/VCI, 

I vci,- 
v,o.. 

f VCI. 

VCI. or vci - 


V a O, 

VO.Ho. 

VOHo,. 

VjO.Ho.. 


ARSENIC, As . 

• * 4 

Atomic weight = 75. Molecular weight =300. Molecular' 
volume I T l . 1 litre of arsenic vapour weighs 150 criths, 
Sp. gr. 5 G to 5 9. Volatile at 180°. Atomicity and \ 


Evidence of atomicity : — 

Arseniurctted hydrogen A*"!!,. 

Arsenious chloride A*"'Cl a . 

Tetrethylarsonic chloride Aa r Et 4 Cl. 


Occurrence . — Abundantly in nature, in various ores, and 
sometimes iu the free state. In some mineral waters, and in 
the water and mud of many rivers. In coal-smoke, and con- 
sequently in the air of towns. 

Preparation . — By reducing, with charcoal, arsenious anhy- 
dride, which is produced in the roasting of many ores : — 

As,O a + 8C ■ As, + SCO. 



A RSENItJ RETTED HYDROGEN, 
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COMPOUND OF ARSENIC WITH HYDROGEN. 

ARSENI U RETTED HYDROGEN, Arsenious Hydride. 
AsH,. 

Molecular weight = 78. Molecular volume 1 11 . I litre weighs 

39 criths. Boils at —40°. 

Preparation. — 1. In the pure state by the action of sulphuric 
acid on an alloy of arsenic and zinc : — 

A« a Zn" s + 3SO,II 0l , = 380, Zno" 4- 2AaII v 

Arsenious Sulphuric Zincio Arseniurrtted 

linoide. ajid. sulphate. hydrogen. 

2. By the action of nascent hydrogen upon soluble arsenic 
compounds, as by the introduction of arsenious acid into an 
apparatus evolving hydrogen : — 

Aallo,, + 311, = AslI, + 30H„. 

Arsrnious Arsrniurett«*d Water, 

acid. bydrogun. 

Reactions. — 1. When burnt with free access of air, it gives 
water and arsenious anhydride : — 

2AaTI, + 30, = Aa a O, + BOH,. 

Arseniuretted Arsenious Water. 

hydrogen. anhydride. 

2. When burnt with a limited supply of air, it yields water 
and free arsenic : — 

-p 30, * Ab 4 + 0OH r 

Arseniurettcd Water, 

hydrogen. 

8. When exposed to a red heat, it is decomposed into arsenic 
and hydrogen. 

4. Passed through a solution of argentic nitrate, it yields 



▲M1KI0U8 CHLOEIDE. 


ft precipitate of metallic silver, arsenious and nitric acids re- 
maining in solution : — 

6NO a Ago + 30H a + AiH, = 6NO,Ho 

Argentic nitrate. Water. Araeninretted Nitrio acid. 

hydrogen. 

+ A»Ho, + 3Ag a . 

Anenioua acid. 


. COMPOUND OF ARSENIC WITH CHLORINE 

ARSENIOUS CHLORIDE. 


Molecular weight =1815. Molecular volume 1 11 . 1 litre of 

arsenious chloride vapour weighs 9075 criths. Sp' gr. 2*205. 
Boils at 132°. 

Preparation . — 1. By the action of dry chlorine upon arse- 
nic : — 

As a + 3Cl a = 2A»C1 8 

Aravnioua 

chloride. 

2. By distilling arsenic with mercuric chloride (corrosive 
sublimate) : — 

As a + 6HgCl, = 3'Hg' a Cl a + 2AftCl, 

Mercuric Mercuroua Araenioua 

chloride. chloride. chloride. 

8. By distilling sodic chloride, arsenious anhydride, and sul- 
phuric acid : — 

A» a O, + 6NaCl + 6SO a Ho a « 2A»C), 

Areeniooa Sodic Sulphorio Areeniooa 

anhydride. chloride. arid. chloride. 

+ 6SO,HoNao + BOH a . 

Hydrio eodic Water. 
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Reaction . — With excess of water it forms arsenious and 
hydrochloric acids : — 

A*C1, + 30H a * 3HC1 + AaHo,. 

Anenioiw Water. Hjdrorhlo- Areeoiooa 

chloride. ric add. add. 


COMPOUNDS OF ARSENIC WITH OXYGEN AND 
HYDROXYL. 


Arsenious anhydride (As a O,) a . 

Arsenic anhydride As/),. 

Arsenious acid Aallo,. 

Arsenic acid AaOlIo,. 


ARSENIOUS ANHYDRIDE, Arsenic , White Arsenic , White 
Oxide of Arsenic. 

(Aa a O a )„. 

Molecular weight = 300. Molecular volume 1 1 1 . 1 litre 

of arsenious anhydride vapour weighs 198 criths. Sp. gr. 

37. 

Occurrence. — Very rare in nature. 

Preparation. — 1. By burning arsenic in air or oxygen. 

2. By roasting arsenical ores in certain metallurgical opera- 
tions. 

ARSENIOUS ACID. 

AaHo,. 

Molecular weight =120. 

Only known in solution. 

Arsenious acid forms many unstable and difficultly crystal - 
livable salts, of which the following are examples : — 

Dihydric potassic arsenite ( Fowler's 

solution) AaHo,Ko. 

Hydric cupric arsenite ( Scheele's 

green) AaHoCuo". 

Triargentic arsenite AsA go,. 
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ARSENIC ACID. 


A monobasic arsenious acid, AaOHo, corresponding to ni- 
trous acid, appears to exist, one of its compounds, AsOAmo, 
being known: Arsenious acid when boiled with cupric ace- 
tate yields Schweinfurt green, 3A* a O a Cuo", Cu(C a H a O a ) a . 

ARSENIC ANHYDRIDE. 

Aa a O s , 

Molecular weight =280. 

Preparation . — By heating arsenic acid nearly to redneBB: — 
2A»01Io 3 = 30II a + Aa a O s . 

Arsenic acid. Water. Arsenic 

anhydride. 

ARSENIC ACID. 

AaOlIo,. 

Molecular weight =142. 

Preparation . — By treating arsenious anhydride with nitric 
acid : — 

Am/), 4- 2NO a lIo 4- 20H a = 2AaOHo 3 4- N a O # . 

Arsenious Nitric acid. Water. Arsenic acid. Nitrous 

anhydride. anhydride. 

Salts are known which are derived from three acids of the 
following formuliB : — 

AaO.jHo, AaOlIo,, Aa a O,Ho # 

Mctarscnii' acid. Arsenic acid. Pyrarssnio add. 

corresponding corresponding corresponding 
to to to 

PO.Ho, POHo„ P a O,Ho 4 , 

Metaphosphorio Phosphorio Pyrophospboris 

add. add. add. 


and 

NO a Ho. 

Nitric add. 



8ULFHIDE8 OF ARSENIC, 


lift! 


COMPOUNDS OF ARSENIC WITH SULPHUR AND 
HTDROSULPHTL. 


Realgar 

Sulpharsenious anhydride ( Arseniou s 

#i tlphide) 

Sulpharsenic anhydride (Arsenic suU 

PK**) 

Sulpharsenious acid 

Sulpharsenic acid 


AaS" 

A»S" 


=s'A»",8" t . 


Aalls,. 

AaS'IIx,. 


REALGAR, Diarsenious Disulphide . 

Molecular weight =214. Sp. gr. 3 5. 

Occurrence. — Found native. 

Preparation. — By heating sulphur with arsenious anhy- 
dride : — 

S T + 2Ai,0, = 380, + 2'Aa" f S" a . 

Araeniooa Bolphurooe Bealgar. 

anhydride. anhydride. 


SULPH A RSEW10US ANHYDRIDE, Arsenious Sulphide , 
Orpimcnt. 

Aa a S".. 

Molecular weight =246. Sp. gr. 8*5. 

Occurrence. — Found native. 

Preparation. — By passing sulphuretted hydrogen through a 
solution of arsenious anhydride in hydrochloric acid 

2A*G, + 38H, = 6HC1 + A *fl" v 

Ant mouM Sulphuretted Hydrochloric AiwbSom 

chloride. hydrogen. mU. volphide. 


rnr. r. 
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StfliPHIBSS OV ABSINXC. 


Reaction . — Arsenious sulphide dissolves in caustic alkali,, 
producing an arsenite and a sulpharsenite : — 

A *fi\ *4" 40KH « AsQoKog AiHsKsg -4* OS r 

Arsenious Potassio Hydrlc dip©- Sulphhydric Water, 

sulphide. hydrate. * taaeio anenite. dutilphopoUasic 

sulpharsenite. 

By the addition of an acid, the arsenious sulphide is repre- 
cipitated : — 

A»HoKo a + AaHsKs, + 4HC1 * 4KC1 

Hydrio dipotas- Solphhydrie Hydrochloric Potassio 

«ic arsenite. disnlphopotassio add. chloride, 

sulpharsenite. 

+ A» a S", + 3011,. 

Arsenious Water, 

sulphide. 

ProustUe is a native trisulphargontic sulpharsenite, AaAgs,. 


8ULPHABSENIC AHHYDRIDE, Arsenic Sulphide. 
Aa a S'V 

Molecular weight “310. 

Preparation .— By fusing together arsenious sulphide and 
sulphur. Sulpbarsenates may be obtained by passing sulphu* 
retted hydrogen through solutions of arsenates : — 

AiOHoNao a + 4SH a = AaSHaNas, -f 40H a . 

Hydrio disodio Sulphuretted Sulphhydric disulpho* Water, 

arsenate. hydrogen. sodio sulpharsenate. 

AHTmOKT, Sb 4 ? 

Atomic weight «122. Probable molecular weight “488. Bp. 
gr, crystalline 6 7, amorphous 5*78. Fuses at 480°. Ato- 
micity and \ Evidence of atomicity ; — 

Antimonious chloride 8b"'d t * • 

Antimonic tetretho-cliloride 1 ^ 

(TstrethyLstibonic chloride). ) 4 

Antimonic chloride 8b T CL. 



ANTIMONY* 
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Occurrence. — To a small extent in the native state. Alloyed 
with metals in a few minerals. Sometimes in the form of 
oxide, but principally in the form of grey antimony ore or 
etibnite , which consists of antimonious sulphide. 

a. Crystalline Antimony. 

/ Preparation .— 1. By fusing the native Bulphido and intro* 
ducing metallic iron, which combines with the sulphur : — 

SbJS", + 3Fo = 8FeS M + Sb # . 

Antimonioua Farrou* 

•ulphide. tulphida. 

2. The native sulphide is roasted in contact with the air, 
when it is partially converted into antimonious oxido 

2Sb a S", + OO a M 2Sb a O s + GSO # . 

Antimoniom Antimonioua Sulphurou* 

sulphide. oxide. anhydride. 

The roasted mineral is then fused with charcoal and sodic 
carbonate. The reaction takes place in two stages : first, tho 
remaining Bulphide is converted into oxide by the sodic carbo- 
nate, and subsequently tho oxido is reduced by the carbon ; — 

1. Sb,S" t + 8CONao. m BCO. + aSNa. + 0b a O a ; 

Antimonioua Sodic Carbonic Hodio Aatimonioua 

•oiphidc. carbonate. anhydride. aulphida. oxide. 

^ 2. Sb a O, + 8C - 800 4- Sb 2 . 

AntimonJoM Carbonic 

mdde. oxide. 

8. Antimony may bo obtained in the pure condition by 
reducing, with charcoal, the oxide formed by the action of 
nitric acid upon crude antimony. 

ft. Amorphous Antimony. 

Preparation . —By the electrolysis of a solution of tartar 
emetic in antimonious chloride. 
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ANTI MON ITTRETTED HYDROGEN. 


COMPOUND ON ANTIMONY WITH HYDROGEN. 
ANTMOHIUEETTED HYDROGEN, Antimonioui Hydride. 
SbH,. 

Molecular weight =125. 

This compound is unknown in the pure condition. 

/ Preparation. — 1. By the action of hydrochloric acid upon an 
alloy of zinc and antimony t— 

Sb 3 Zn", + 6HC1 » 2SbH, 4- 82^01,. 

Antimonious Hydrochloric Antimonioaa Ziade 

sindde. acid. hydride. chloride. 

2. By the action of nascent hydrogen evolved from zinc and 
sulphuric acid upon soluble antimony compounds. In both 
these reactions the antimonious hydride is always mixed with 
much hydrogen : — 

SbCl. 4* 8H a « SbH, 4- 8HC1. 

Antimonious Antimonions Hydrochlorio 

chloride. hydride. odd. 

Reactions. — 1. When burnt in air or in oxygen, it yields 
water and antimonious oxide : — 

2SbH a 4- 80 a - Sb a O a + 30H,. 

Antimonious Antimonious Water, 

hydride. oxide. 

2. When burnt with a limited supply of air the hydrogen 
only is oxidized, the antimony being deposited : — 

4SbH, + 30 a = Sb 4 + 60H,. 

Antimonious Water, 

hydride. 

8. Decomposed into its elements, like arsenious hydride, 
when passed through a red-hot tube. 

4. When transmitted through a solution of argentic nitrate, 
it produces a precipitate of antimonious argentide, thus dif- 
fering from arsenious hydride (see p. 125) : — 

8XVO,Ago 4- SbH, - 8WO t Ho 4- SbAg,. 



AMY1MONIOV8 CHLORIDE. 
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From the composition of this compound, and from that of 
some of its analogues, the composition of antimonioua hydride 


is inferred. 

Antimonious hydride SbH r 

Antimonious bromide SbBr,. 

Antimonious argentide SbAg,. 

Antimonious ziueide Sb^u ',. 


Antimonious ethide. ( Triethglstibine .) 8bEt 3 . 
Antimonious amylide. ( Triamylstibine .) SbAy,. 


COMPOUNDS OF ANTIMONY WITH CHLORINE. 


Antimonious chloride SbCl,. 

Antimonic chloride SbCl t . 


ANTIMONIOUS CHLORIDE. 

SbCl,. 

Molecular weight ■» 228*5. Molecular volume m . 1 litre of 
antimonious chloride vapour weighs 114*25 criths. Fuses 
at 72°. Boils at 223°. 

Preparation. — 1. By passing chlorino over excess of metallic 
antimony or antimonious sulphide, and purifying by distil- 
lation : — 

Sb, 4- 3C1, - 2SbCl a . 

Aniimoniou* 

chloride. 

28b,8", + 0C1, - 4SbCI, + S'S'.Cl,. 

Antimoniou* Antimoniotu DimJpbnr 

sulphide. chloride. diohlorido. 

2. By dissolving antimonious sulphide in hydrochloric acid, 
or antimony in hydrochloric acid containing a little nitric acid, 
evaporating and distilling the product : — 

Sb.8", + 6H01 = 3SH a 4- 2«bCJ,. 

▲■tioMMriow Hydrochloric Sulphuretted AfittaonJooe 

sulphide. ftcid. hydro****. chloride. 
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8b,+6HCl + 6WO,Ho = 28bCl, + BOH, + 8W',0 4 . 

Hydroohlorio Hifcrio Antimonious Wf*er, Kitano 

add. Mid. ohloride. pwoxldo. 

8. By distilling antimony or antimonious sulphide with 
mercuric chloride ; — 

Sb 4 + 4H*Cl a - 2SbCl a + 'Sb" a Hg" a + 'HtfA- 

Mercuric Aatimonioua Dimercuric Mercurous 

chloride. chloride. diantimoaldc. chloride. 

Sb a 8" y + 8HgCl a = 2SbCl a + 8HgS'\ 

Antimonious Mercuric Antimonious Mercuric 

sulphide. chloride- chloride. sulphide. 

4. By distilling antimonious sulphate with sodic chloride : — 
■.O.Sbo'”, + ONaCl = 2SbCl, + 8SO,Nao a . 

Antimonious Bodio Antimonious Sodic 

sulphite. chloride. chloride. sulphate. 

j Reaction . — With water it produces antimonious oxychlo- 
ride: — 

SbCL, + OH, - 2HC1 + SbOCl. 

Antimonious Water. Hydrochloric Antimonious 

ohloride. acid. oxychloride. 

Long-continued action of water transforms this compound 
into antimonious oxide 

2SbOCl + OH a « 2IIC1 + Sb a O,. 

Antimonious Water. Hydrochloric Antimonious 

oxy ohloride. sold. oxide. 


AHTOCONIC CHLORIDE. 

SbCl 8 . 

Molecular weight «* 299*5. Fueee at 0°. 

" Preparation. — 1. By acting upon antimony with excess of 
chlorine : — 

8b, + 5Cl a ms 2SbCl s . 
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2. By passing chlorine over anthnonious chloride, the lafctor 
liquefies, producing antimonic chloride 

SbCl, + Cl, » SbC) # . 

Antimoniocu Antimonio ' 

chloride. ohloeide, 

Reaction*. — 1. With a small quantity of water it forms 
antimonic oxytrichloride, analogous to phosphoric oxytrichlo- 
ride • 

SbCl, -f OH, « SbOCl, + 2HC1. 

Antimonic Water. Antimonic Hydrochloric 

chloride. oxytrichloride. acid. 

2. An excess of water transforms antimonic chloride into 
orthantimonic acid or pyrantimonic acid, corresponding to 
pyrophosphoric acid : — 

SbCl, + 4011, * SbOIIo, + 5HC1 ; 

Antimonic Water. Orthantimonic Hydroohlorio 

chloride. acid. add. 

or2SbCl, + 7011, = Sb,0,IIo 4 4* 10HC1. 

Antimonic Water. Pyrantimonic Hydrochloric 

chloride. acid. acid. 

3. By the action of sulphuretted hydrogen antimonic sul- 
photrichloride is formed : — 

8b Cl, + SH, » 8bS"Cl, + 2HC1. 

Antimonic Sulphuretted Antimonic Hydroohlorio* 

chloride. hydrogen. sulphotri chloride. acid. 

Antimoniou* bromide , SbBr„ resembles antimonious chloride ; 
it fuses at 90°, boils at 270°, and by the action of water is 
converted into the oxybromide , SbOBr. 

Antimoniou* iodide , Sbl 3 , when acted upon by water forms 
the oxyiodide t 8bOI. 

The corresponding^tferttfc, 8bF a , is said to exist and to bo 
soluble in water without decomposition. 
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ANTIMOKIOUI OXIDE. 


OXIDES AND ACIDS OF ANTIMONY. 


Antimonioua oxide or anhydride Sb a O,. 

Diantimonic tetroxide 'Sb* ? a 0 4 . 

Antimonic anhydride Sb a O,. 

Metantimonious acid] SbOHo. 

Orthantimonic acid SbOHo, ? 

Metanfcimonic acid SbO a Ho. 

Pyrantimonic acid Sb a O # Ho 4 . 


ANTIMONIOUS OXIDE, OB ANHYDRIDE. 

Sb 3 O r 


Molecular weight «292. 

Occurrence . — In nature in the rare minerals valent inite and 
eenarmontite. 

Preparation . — 1 . By burning antimony in air : — 

2Sb a + 80 3 « 2Sb a O a . 

Antimonioua 

oxide. 

2. By pouring a solution of antimonioua chloride in dilute 
hydrochloric acid into a boiling solution of sodic carbonate * — 

2SbCl, + 8CONao, = Sb a O a + 8CO a + 6NaCL 

Antimonioua Sodic Antimonioua Carbonic Bodio 

chloride. carbonate. oxide. anhydride. chloride. 

3. By heating metantimonious acid to the temperature of 
boiling water : — 

2SbOHo = OH, + Sb,0,. 

Sfetantirooniona Water. Antunouioos 

eeid. oxide. 

Reactions. — 1. When heated to redness in the air, it burns 
like tinder, forming di antimonic tetroxide : — 

Sb,0, + 0 = Sb” 0 4 . 

Antimoaioo* Diantiaaonie 

U. tetroxide. 
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2. Readily reduced to the metallic state by ignition with 
charcoal, hydrogen, Ac. 


Sb,0, + 

Antimoaiooa 

c, « 

8b, 

+ 

800. 

Cfcrimle 

oxide. 

Sb,0, + 

Antimoaiooa 

3H, m 

8b, 

+ 

80H,. 

Water. 


axkle. 


„ 8. Readily dissolved by a hot solution of hydric potassio tar- 
trate (cream of tartar), forming potassic antimonylic tartrate 
(tartar emetic) : — 


f COHo 
lOHHo , 
2 10HHo + 
[COKo 

Hydric potaaeio 
tartrate (Cream 
of tartar). 


Sb a O, - 

Antimonioua 

oxide. 


rcoisb'" 

I CHHo 
1 CHIlo 
[COKo 

Polemic antimonylio 
tartrate (Tartar 
emetic). 



OH,. 

Water. 


4. Dissolved by hydrochloric acid, forming antimonious 
chloride : — 

Sb a O, + 6HC1 » 2SbCl, + 80H a . 

Antimonioua Hydrochloric Antimonioua Water, 

oxide. acid. chloride. 


METANTIMOHIOUS ACID. 

SbOHo/ 

Molecular weight «s!55. 

Preparation . — By pouring a solution of antimonious chloride 
into a cold solution of sodic carbonate : — 

2SbCl, + SCONao, + OH, = 28bOHo 

Aatimoaioot Sodic Water. M at aa t iaa o oi o oa 

carbonate. add, 

+ 3CO a + 6NaCl. 

Oarboaie Sodic 

*mhwAriA» oht 


chloride. 
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ANTIMONIC ANHYDRIDE. 


Eeaetum. — 1. Decomposed by heat (page 186). 

2. Readily dissolved by alkaline hydra tes, producing ill- 
defined antimonites. 


DIANTIMONIC TETROXIDE, 


rsbo a 

tsbo a 

Molecular weight c=308. 


»\O v 


Occurrence . — Found native ns cervantitc. 

Preparation. — 1. By igniting antimonic oxide, or the white 
solid produced by the action of nitric acid upon metallic anti- 
mony : — 

2Sb a O s = 2'Sb*0 4 + 0 3 . 

Antimonic Diantimonii- 

oxide. tvtroxidc. 


2. By heating antimonious oxide in contact with the air : — 
2Sb a O, + O, = 2'Sb" a O i . 

Antimonious Diantimonio 

oxide. tetroxide. 


ANTIMONIC ANHYDRIDE. 

Sb a 0 5 . 

Molecular weight a 324. Sp.gr. 0 6. 

Preparation . — By gently heating the corresponding acids:— 


2SbOHo 3 

= Sb a O, 

+ 

3011,. 

Orth antimonic 

a© id. 

Antimonio 

anhydride. 


WlM. 

2SbQ t Ho 

= Sb,0, 

+ 

OH.. 

Melantimome 

•iw. 

Antiznonie 

anhydride. 


W«tor. 
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8b a O,Ho 4 - Sb a O, + 20H a . 

Pyoa n ti m oa io Antimcnio Water. 

Mid. anhydride. 

Reaction. — 1. When heated, it is decomposed into dianti- 
monlc tetroxide and oxygen (see page 18S). 

2. Fused with potassic carbonate, it produces potassic met- 
mtimoniate s— • 

Sb a O a + COKo a = 2SbO a Ko + CO a . 

Antimonic Potaaaic PoUuwio CartHuiir 

anhydride. carbonate. metantimonate. anhydride. 


ORTHAHTIMONIC ACID ? 

SbOIIo 3 ? 

Preparation . — Said to be formed by the action of water upon 
intimonic chloride (see p. 135). 


METANTIMONIC ACID. 

SbO a IIo. 

• Preparation . — 1. By tho action of nitric acid containing a 
ittle hydrochloric acid on metallic antimony : — 

Sb a + 4NO a Ho = 2SbO a lIo + N a O a 

Nitric acid. Melantimonic Nit rout 

acid. anhydride. 

+ ir.o, + oir,. 

Nitric oxide. Wfctcr. 

2. By the spontaneous dehydration of orthantimonic acid, or 
>f pyrantimonic acid : — 


SbOIIo, m 

Oil, 

+ 

SbO a ITo ; 

Orthantimonic 

acid. 

Water. 


Metantimonic 

acid. 

Sb a O,Ho 4 = 

oh. 

+ 

2SbO a Ho. 

Pyrantimonic 

add. 

Water. 


Metantimonic 

add. 
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PYRANTIMONIC ACID. 


Reaction . — By the action of alkaline hydrates it produces 
either metantimonates or orthantimonates : — 


SbO a Ho + OKH - SbO a Ko + OH,; 

Xetentimonio Potawic PoUeeic Water, 

acid. hydrate. metaatimonate. 


SbO a Ho + OKH 

Metantimonio Fotaaaio 

aeid. hydrate. 


SbOHo a Ko. 

Dihydrio potaeeio 
ortoiBtu&OQitoi 


FTBAKTIMOKIC ACID, Parantimonie Acid . 

( Mctantimonic acid qf Frimy.) 

Sb,0,Ho 4 . 

Preparation. — By acidifying solutions of pyrantimonates : — 
Sb a O a Ho,Ko a + 2HC1 * Sb a O,Ho 4 + 2KC1. 

Dihydrio dipotaeno Hydroohlorio Pyrantimomc Potaaeio 

pyrant im o n a t e. aeid. u acid. chloride. 

Dihydric dipotassic pyrantimonate is prepared by fusing an- 
timonic anhydride with excess of potasBic hydrate, and extract- 
ing the mass with water, when an alkaline solution containing 
dihydric dipotassic pyrantimonate Sb a O,Ho a Ko a is formed. 
This solution produces precipitates in solutions of sodium 
salts, the sodic pyrantimonate thus formed containing 
Sb a O,Ho a Nao a , 60H a . 

COMPOUND OF ANTIMONY WITR OXYGEN 
AND BULPRUB . 

AimXONIOUS 0XTDI8ULFHIDX. 

rsbs" 

i O =8b,S" 1 0. 

ISbS" 

Molecular weight «824. 

Occurs as a rare mineral known as red antimony. 
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COMPOUNDS OF ANTIMONY AND SULPHUR. 


Antimonious sulphide Sb,8",. 

Antimonic sulphide Sb a S",. 


ANTIKOHIOUS SULPHIDE, Sulphantimonious Anhydride. 
Sb,8",. 

Molecular weight » 340 . 

Occurrence . — In nature as stibnite or grey antimony ore. 
Preparation. — 1. By heating together antimony and sulphur, 
or antimonious oxide and sulphur, in the proper proportions : — 

28b, + 33 , - 2Sb a S",. 

Antimonious 

sulphide. 

2Sb,0, + S. =• 2Sb a 8", + 880,. 

* Antimonious Antimonious Sulphurous 

oxide. sulphide. anhydride. 

2. By passing sulphuretted hydrogen through a solution of 
antimonious chloride : — 

28bCi, + 8SH, * Sb,8", + 6HC1. 

Antimonious Sulphuretted Antimonious Hydrochloric 

chloride. hydrogen. sulphide. add. 

Reactions. — 1. Decomposed by hot hydrochloric acid (see 
p. 133). 

2. Soluble with decomposition in solutions of alkaline hy- 
drates : — 

Sb,S", + 6KHo ■* SbKs, 4- SbKo, + 30H,. 

Aatimoufou* Potaasio Trisulphopotassio Tripotesdc Water. 

s ul p hid e . hydrate. sulphanuuonite. anumonite. 

Addition of an acid reproduces and precipitates the antimo- 
nious sulphide : — 

SbKs, 4- SbKo, 6HC1 = Sb.S", -f 6KC1 + 80H,. 
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8. Soluble in alkaline sulphbydrates : — 

Sb a S", + 6KHs = 2SbEs, + 8SH„. 

Antimoniou# Fotaesic TriatilnhopoUaaio Sulphuretted 

•ulphide. aulph- aulphanti- hydrogen, 

hydrate. monite. 

8ULPSANTIM0NITE8. 

Many sulphantimonites occur in nature : — 

Orthosulphantimonites. 

General formula : — BbMe, and Sb a Ms" 8 . 
Bark-red silver. Trisulphargentic sulphan- 


timonitc SbAgs 3 . 

Boulangerite. Tritulphoplumbic sulphan - 

timonite Sb a Pbs' a . 

Bournonite. JDisulphoplumbic sulphocu- 


prou* iulphanti monite Sb a Pb*" 8 (Cu a S'' a )". 

Metaeulphantimonites. 

General formula : — SbS"Ms and 8b a S" a Ms". 

Miargyrite. Sulph argentic metaeulphan- 

timonite SbS"Aga. 

Zinkenite. SulpKoplumbic metasulphanti- 
moniie Sb a S'' 2 Pbs". 

Antimony copper glance. Sulphocuproue 
metasulphantimomte Sb a S" a (Cu a S" a ) M . 

Berthierite. Sulphoferrous mctasulphan- 

timonite Bb,8"*Fee". 

Pgro8ulphantimonites. 

General formula : — Sb a 8"Ms 4 and Sb;8"Ms" a . 

Feather ore. Sulphoplumbie pyrotulpkan- 

timonite Bb^'Fbs'V 

Fahl ore. SuJpkocuproeqferroue pyroeulph- 
antimonite Sb 1 S"(Cu a Fe8" i yV 
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ANTIMONIC SULPHIDE, Sulphantimonic Anhydride . 

Sb f S, 

Molecular weight =404. 

Preparation . — 1. By passing sulphuretted hydrogen through 
a solution of antimonic chlorido : — 

2SbClj 4* 5SII, = Sb a S" a 4- 10HC1. 

Antimonic Sulphuretted Antimonic Hydrochloric 

chloride. hydrogen. sulphide. Mid. 

2. By tbo addition of an acid to a solution of a sulphanti- 
monate 

28bS"Nas, + 6IIC1 - Sb,S , + GNaCl + 88H,. 

Triaulphoaodic Ilrdro- Antimonic Hodic Sulphu- 

sulphantimonate. onlorio sulphide, chloride. retted 

acid. hydrogen. 

Beactione^h Decomposed by boiling hydrochloric acid, into 
antimouious chloride, sulphuretted hydrogen, and sulphur: — 

Sb,S" g + GHC1 « 2SbCl, + 3Slf a + S a . 

Antimonic Hydro- Antinionious Huhdiu* 

•nlphide. chloric chloride. retted 

acid. * ’ 

2. Soluble in solutions of alkaline sulphides : — 

8b,S", + 38K, = 2SbS"Ka.,. 

Antimonic Potwwic TriaulphopotaMio 

sulphide. sulphide. lulphantimonatc. 

3. Soluble in solutions of alkaline hydrates : — 

48b,8", + 240KH - 3SbOKo, + BtbS'Ks, + 120H,. 

Antimonic Potaaaic Triixitaasio Truulphoiwtaesic Water, 

sulphide. hydrate. antimonate. Jaulphanti-, 

moaatc. 
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BISMT7THOU8 CHLOKIDE. 


BISMUTH, Bi 4 ? 

Atomic weight «20S. Sp.gr. 9*83. Fuse* at 265°. Atomicity 
and v . Evidence of atomicity : — 


Bjsmuthous chloride Bi'"Cl,. 

Bismuthous oxide Bt'" a Q,. 

Bismuthous ethide Bi'"Et,. 

Bismuthous dichlorethide Bi"'EtCl r 

Bismuthic anhydride Bi%O r 


Occurrence . — Principally in the metallic state in nature. 

Preparation. — 1. On a large scale by fusion and separation 
from earthy impurities. 

2. It may be obtained in the pure state by dissolving com- 
mercial bismuth in nitric acid, precipitating the basic nitrate 
by addition of water, and reducing the precipitate by ignition 
with charcoal. 

Mo compound of bismuth with hydrogen is known. 


COMPOUND OF BISMUTH WITH CHLORINE. 

^ BISMUTHOUS CHLORIDE. 

BiCl,. 

Molecular weight =314*5. Molecular volume m . 1 litre of 
himuthoue chloride vapour weight 157*25 critht. 

Preparation.— 1. By passing dry chlorine over metallic bis- 
muth : — 

Bi t + 801,= 2BIC1,. 

Bimnthom 

chloride. 

2. By evaporating a solution of bismuth in hydrochloric add 
containing a little nitric add and distilling. 



COMPOUNDS OF BISMUTH* 


145 


8. By distilling metallic bismuth with mercuric chloride : — 
Bi, + GHgCl, = 2B1C1, + 3Wf',Cl,. 

Mercuric Biarouthoo* Mereuroua 

ohionde. chloride. chloride. 

Reaction . — By the addition of water it is decomposed, form- 
ing bismuthous oxychloride : — 

BiCl, + OH, * BiOCl 4* 2HC1. 

Bkmatbooi Water. BUmuthoos Hydrochlo- 

ohloride. oxychloride. ric acid. 

The following compounds are also known : — 

Bismuthous bromide BiBr,. 

Bismuthous iodide BII,. 

Bismuthous fluoride BIF.. 

Bismuthous oxybromide BIOBi 

Bismuthous oxyiodido BiOI. 

Dibismuthous tetrachloride. 


1 BiCl,. 


COMPOUNDS OF BISMUTH WITH OXYGEN 
AND HYDROXYL . 

Dibismuthous dioxide j 


Bismuthous oxide Bi a 0 8 . 

Dibismut hie tetroxide 31^,0,. 

Bismuthic anhydride Bi/),. 

Bismuthous oxyhydrate, or meta- 

bismuthous acid BIOlIo. 

Metabismuthic acid BiO,Ho 


TOL. I* 
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BI0XUTHOU8 OXIDE. 


BISMUTHOUS OXIDE. 

Molecular weight *=464. &p. yr. 8*2. 

Occurrence . — As the rare mineral bimuth ochre . 

Preparation . — 1 . By burning bismuth in air or oxygen. 

2. By heating the nitrate, carbonate, or hydrate : — 

2N 3 O 0 Bio'" - B1 2 0 3 + 8N 3 0 3 + 80*. 

Bismuthous Bismuthous Nitrous 

nitrate. oxide. anhydride. 

2NO a (Bi'"Ho a O) - Bi a O a + 2011, + N.O, + O a . 

Bismuthous nitrate Bismuthous Water. Nitrons 

dihydrate. oxide. anhydride. 

CO(BiO a ) a = Bl,0, + CO a . 

Biamnthylie Bismuthous Carhonie 

carbonate. oxide. anhydride. 

2BlOHo = Bi a O a + OH a . 

Bismuthons Bismuthous Water, 

oxy hydrate. oxide. 

3. By boiling bismuthous hydrate in solution of potassic hy- 
drate, whereby it is converted into bismuthous oxide with loss 
of water. 

Eeactione. — Dissolved by hydrochloric, nitric, and sulphuric 
acids, forming the bismuthous chloride, nitrate, and sul- 
phate : — 

BIC1.. N 3 O 0 Bio"'. S.O.Bio'V 

Bismuthous Bismuthous Bismuthons 

chloride. nitrate. sulphate. 


BISMUTHOUS OXTHTDBATE, Metabiemuthouc Acid. 
BiOHo. 

Preparation . — By pouring a solution of bismuthous nitrat 
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in dilate nitric add into dilate ammonia or potaaaio hydrate, 
and drying the precipitate, which, at first, probably contains 
orthobismuthoos acid : — 

N.O.Bio'" + SOKH - BlHo, + 8NO t Ko. 

Bicmuthotu Potaaaic OrthobUmuthoua Potaaaio 

nitrate. hydrate, acid, nitrate. 

Btllo, = BiOHo + OH,. 

OrihobionathooB Metabianuthotu Water, 

add. acid. 

Reaction . — By heat or by boiling with caustic alkali, water 
is expelled, and bismuthous oxide formed (see p. 146). 

An unstable metabismuthite is produced by fusing bismu- 
thous oxide with sodic carbonate : — 

Bt a O, + CONao, = 2BiONao + CO a . 

Diamothoua Sotlir Kodir Cnrlwnlo 

oxide. carbonate. mctahiiumUhito. anhydride. 


BISXUTHXO AKHYDBIBE. 

BiA. 

Preparation . — By heating bismuthic acid to 130°. 

Reaction/. — 1* When heated to the boiling-point of mer- 
cury, it loses oxygen, being converted either into bismuthous 
oxide or dibismuthic tetroxidc : — 

Bt,0, - Bi,0, + 0 >; 

Bumnthie Biamuthooa 

anhydride. oxide. 

2B1.0, - 2’Bl l, l 0 4 + O,. 

Biamnthie Dibiemuthic 

anhydride. tetroxide. 

2. When heated in a current of hydrogen, it is readily 
reduced to bismuthous oxide. 


1.2 
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3. Heated with hydrochloric acid, it evolves chlorine, pro- 
ducing bismuthous chloride and water : — 

Bi a O s + 10HC1 * 2BIC1 3 4- SOH a 4- 2Cl a . 

Biamuthio Ilydroohloric Biamuthous Water, 

anhydride. aeid. chloride, 

4. Sulphurous acid converts it into bismuthous sulphate : — 
mi 4 O a + 6SOHo a * 2S 3 O 0 Bio"' a 4 Bi a O, 4- GOH a . 

Biamuthio Sulphurous Bianmthoos Biamuthous Water, 

anhydride. acid. anlphate. oxide. 

5. When heated with sulphuric or nitric acid, it evolves 
oxygen, producing bismuthous sulphate or nitrate : — 

Bl a 0 8 4- 3SO a Ho a - S 3 O 0 Bio'" a 4- 3DH a + O a ; 

Biamuthio Sulphuric Biamuthous Water, 

anhydride. acid. sulphate. 

Bl,0, + 6NOj.Ho «= 2N,0 # Bio'" + 3011, + O r 

Biamuthio Nitric Bismuthous Water, 

anhydride. acid. nitrate. 


METABISMUTHIC ACID. 

BIO a Ho. 

Preparation . — Obtained as a red deposit by passing chlorine 
through a solution of potassic hydrate containing bismuthous 
oxide in suspension : — 

40 KH + 201, 4 Bi.0, = 2BiO a Ho + 4KC1 4- OH a . 

Potaaaio Biamuthous Metabtamuthio Potaaaio Water, 

hydrate. oxide. add. chloride. 

Reaction . — Dissolves in hot solution of potassic hydrate. By 
the addition of an acid to the liquid, a salt, said to have the 
composition 


is precipitated. 


Bi,0 4 HoKo, 
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COMPOUND OF BISMUTH WITH SULPHUB . 


Dibismuthous disulphide f Bi" a S" a . 

Bismuthous sulphide Bi^S' 


DIBISMUTHOUS BISULPHIDE. 

{ BIS"' or 

Molecular weight *=480. Sp. gr. 7 3. 

Preparation . — By fusing bismuth and sulphur togothcr iu 
the proper proportions. 


BISMUTHOUS SULPHIDE. 

Bt 3 S'V 

Molecular weight *=512. iSJp. gr. 0‘4. 

Occurrence. — As the rare mineral bismuth glance. 
Preparation. — 1. By fusing sulphur and bismuth in the 
proper proportions. 

2. By precipitating bismuth solutions by sulphuretted hy- 
drogen; — 

2BIC1, + 3SH a * Bi a S" a + CIICJ. 

Btanothoos Sulphuretted Bismuthous Hydrochloric 

chloride. hydrogen. sulphide. add. 

Beaetion . — This compound is not dissolved by alkaline hy- 
drates or sulplihydrates. 

A few sulphobismuthites are found in nature : — 

Kobellite. Tritulphoplumbic eulphobie - 1 „ 

muthite |»i a Pbs,. 

Needle ore. Dieulphoplumbic-dicuprou* \ , v , 

tulphobiemuthite f Bl,Pbs ,( Cu f S 8 ) . 
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POTASSIUM* 


BISKUTHOTJS DITELLXJBO-STJLPHIDE. 

Bt 3 Te" 8 8 M . 

Sp. gr . 7*5 to 7*8. 

Occurrence . — In nature, as telluric bimuth or tetradgmite . 


CHAPTER XVII. 

MONAD ELEMENTS. 

Section III. 

POTASSIUM, K,. 

Atomic weight =39. Probable molecular weight =78. Sp.gr. 
0*865. jFtoe* 55°. 2?oi7# a* a foto rcc? Aeaf . Atomicity 
Evidence of atomicity : — 


Potassic chloride KC1. 

Potassic iodide KI. 

Potaaaie hydrate KHo. 

Potassic sulphide 


Occurrence. — In rocks in the form of silicate, and in soils 
partly as carbonate. As chloride in solid saline deposits. 

In the juices of almost all plants, generally in combination 
with organic acids. 

In sea-water and in most mineral waters. 

Preparation . — 1 . By the action of a powerful voltaic current 
upon potassic hydrate, when potassium and hydrogen are libe- 
rated at the negative pole : — 

20KH - K, + H. + O r 
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9. By submitting pota&sic hydrate to the action of metallic 
iron at a strong white heat : — 

40KH 4- 3Fe « ^(Pe s )^0 4 + 2K, 4-2H,. 

Potaaaio Magnetic iron 

hydrate. oxide. 

3. By igniting hydric potassic tartrate (cream of tartar) out 
of contact with air, and subsequently mixing the residue, con- 
sisting of potassic carbonate and carbon, with charcoal, and 
distilling at a very high temperature : — 

First operation : — 

OOKo, + SOH, + 400 4- 3t\ 

Potaaaio Water. Carbonic 

carbonate. oxide. 

Second operation : — 

COK o 3 + 2C - 3C0 4- K a . 

Potaaaio Oarbonio 

carbonate. oxide. 


Reactions. — 1. Potassium decomposes water cvon at its 
freezing-point with great energy, the heat evolved being suffi- 
cient to cause the ignition of the liberated hydrogen : — 


K, + 2011, = 

2KIIo 4- H a . 

Water. 

Potaaaio 

hydrate. 

2. When potassium is ignited in a stream of carbonic anhy- 
dride, a portion of tho latter is decomposed : — 

2K, + 300, - 

2COKo a 4- C. 

Carbonio 

anhydride. 

Potaaaio 

carbonate. 

COMPOUNDS OF POTASSIUM WITH CHLORINE, 

BROMINE, IODINE, AND FLUORINE. 

Potassic chloride . , 

KC1. 

Potassic bromide . 

KBr. 

Potassic iodide .... 

XI. 

Potassic fluoride . 

KF. 


'COKo 

OIIHo 

CHHo 

fc COHo 

Hydrio 

potaaaio 
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FOTASSIC HYDRATE. 


Potassic iodide is prepared by digesting iron filings, water, 
and iodine together, filtering the colourless solution, and pre- 
cipitating the iron by potassic carbonate : — 


Fe + I a 



Pel 3 + COKo a 

Frrrooa Potaaaio 

iodide. carbonate. 


2KI + COFeo". 

Potaaaio Ferroua 

iodide. carbonate. 


COMPOUND OF POTASSIUM WITH HYDROXYL. 

POTASSIC HYDRATE, Caustic Potash, Potash. 

KHo, or OKH. 

Preparation. — 1. By boiling in an iron vessel a solution of 
potassic carbonate with calcic hydrate : — 

COKo. + CaIIo 3 « 2KHo + COCao". 

Pataaaio Calcic Potaaaio Calcio 

carbonate. hydrate. hydrate. carbonate. 

2. By the action of potassium upon water (see p. 151). 
Reactions. — By contact with acids potassic hydrate produces 
potassium salts ; — 

KHo + HC1 - KC1 + OH 3 : 

Potaaaic Hydrochloric Potaaaio Water, 

hydrate. acid. chloride. 

KHo + SO.Ho, - SO,HoKo + OH.: 

Potaaaic Bnlphorio Hydric potaaaio Water, 

hydrate. add. aulphate. 

2KHo + SO.Ho, = SO,Ko, + 20H,. 

Potaaaio Bolphnric Potaaaio Water, 

hydrate. aotd. anlphate. 
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COMPOUNDS OF POTASSIUM WITS OXYGEN 


Potassic oxide . . 
Potassic dioxide 


Potassic tetroxide 


OK s . 

/OK 
\ OK‘ 

fOK 

O 

- O * 

[ok 


K_0— K. 

K— O— O— K. 

K — 0 — O — 0 — 0 — K, 


POTASSIC OXIDE. 

OK a . 


Preparation. — I. By heating potassic hydrate with potas- 
sium : — 

2KIIo + K a « 20K a + H a . 

PoUtaic Potaaaic 

hydratw. oxide. 


2. By fusing together, in a current of nitrogen, potassic 
peroxide and potassium : — 


K a 0 4 -f 3K a = 40K a . 

PoUaaio Potaawe 

peroxide. oxide. 


POTASSIC DIOXIDE. 


K,O a . 


Preparation . — Obtained by the action of water on potassic 
peroxide. 


POTASSIC TETBOHDE, Potassic Peroxide 
K.O.. 

Preparation . — By fining poUwinm in a current of oxygen. 
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POTASSIC SULPHIDES. 


COMPOUND OF POTASSIUM WITH HYDRO- 
SULPHYL. 

POTASSIC SULPHHYDRATE. 


KHs. 


Preparation. — By saturating potasBic hydrate with sulphu- 
retted hydrogon : — 

Kilo + SH a = KHb + OH a . 

Potassic Sulphuretted Potassic Water, 

hydrate. hydrogon. gulphhydrato. 


COMPOUNDS OF POTASSIUM WITH SULPHUR. 


The following have been obtained : — 


Dipotassic sulphide 

Dipotassic disulphide 

Dipotassic trisulphido 

DipotaBsic tetraBulpliide . . 
Dipotassic pentasulphide.. 
Dipotassic hepta- \ K S ? 
sulphido J 27 


SK a . K— S— K 

K a S a . K — S — 8 — K 

K 3 S 3 . K— S— S— S— K 

K a S 4 . K — S — S — S — S — K. 

K a S a . K — S — S — S — S — S— K 

K — S— S — S — S — S — S — S — K 


DIPOTASSIC SULPHIDE. 

SK a . 

Preparation . — 1. By the action of potassic hydrate on potassio 
sulplihydrate : — 

KHo + KHs = SK a + OII 3 . 

Potassic PotA*(>ic Dipotassic Water, 

hydrate. sulphhydratu. sulphide. 

2. By igniting potassic sulphate with hydrogen or carbon : — 
SO a Ko # + 4H a - SK, + 40H a . 

Potassio Dipotassic Water, 

sulphate. sulph id e. 



LIVER OF 8ULFHVR* 


105 


Reactions of dipotassic sulphide and the higher potassic sul- 
phides : — 1. By heating dipotassic sulphide with the necessary 
quantities of sulphur, it forms the higher potassic sulphides. 

2. The potassic sulphhydrate and dipotassic sulphide, when 
acted upon by acids, yield sulphuretted hydrogen : — 

KHs + HC1 = KC1 + SII a . 

Potaaaio Hydrochloric Potaasic Sulphuretted 

aulphhydrate. acid. chloride. hydrogen. 

SK, + 2HC1 = 2KC1 + 81I a . 

Dipot— io Hydrochloric Potaaaic Sulphuretted 

sulphide. add. chloride. hydrogen. 

3. The higher potassic sulphides, similarly treated, yield sul- 
phuretted hydrogen and a precipitate of sulphur : — 

K a S, + 2HC1 = 2KC1 + SH a + S a . 

Dipotaaai io Hydroohlorio Potaswe Sulphuretted 

trisulphide. acid. chloride. hydrogen. 

4. A mixture of tho highor] potassic sulphides and potassic 
hyposulphite, known under tho name of hepar sulphuric or liver 
of sulphur, may bo prepared by heating potassic carbonate with 
sulphur : — 


3COKo a 

Potaaaio 

carbonate. 

+ 

4S, 

= 2K.fi, + 

Dipot aaaio 
trixulphido. 

S3''OKo, 

PoUmmuc 

aulphomilphate. 

+ 

3CO a i 

CurlK>nio 

anhydride. 

3COKo a 

Potaaaio 

carbonate. 

+ 

as. 

- 2K a S s + 

Dipotiuw in 
pcntaaulphide. 

SS "OKo a 

Potamic 

aulphoaulphato. 

+ 

3CO a . 

Carl ionic 
anhydride 


5. Tho last mixture, whon acted upon by acids, Buffers suc- 
cessively the following decompositions : — 

2K a S s + SS"OKo a + 6HC1 = 0KC1 

Dipotaeaio Potajwic Hydrochloric Pot—io 

pcntaaulphide. nUphoaulphalc. acid. chloride. 
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SODIUM. 


P0TA8SIC CABBOHATE. 

COKo a . 

Preparation. — 1. By lixiviating the ashes of land-plants. 
2. By burning hydric potassic tartrate in a current of air. 


SODIUM, Na,. 

Atomic weight =23. Probable molecular weight =43. Sp. gr. 
0*97. Fuses at 90°. Boils at a red heat . Atomicity 
Evidence of atomicity : — 


Sodic chloride NaCl. 

Sodic hydrate ONaH. 

Sodic oxide ONa a . 


Occurrence . — In nature in the form of chloride. In sea-water 
and most springs. As silicate in several minerals. 

Preparation . — 1. By electrolyzing sodic hydrate. 

2. By acting upon sodic hydrate with metallic iron at a 
strong white heat. 

Mantfacture . — By distilling in an iron retort a mixture of 
sodic carbonate, chalk, and charcoal : — 

CONao, + 2C - Na, + 3CO. 

Bodic Carbonic 

carbonate- oxide. 

Reactions . — Similar to those of potassium, but less energetic. 
The compounds of sodium very much resemble those of po- 
tassium. 


SODIC CABBOHATS. 

CONao,. 

Manufacture. — 1. Formerly by the lixiviation of the ashes 
of marine plants. 

2. By Leblanc's process, which consists in first transforming 
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sodic chloride into sodic sulphate by the action of sulphuric 
acid 

2N&C1 + SO # H o, « 2HC1 + SO,Nao # . 

Sodio Sulphuric Hydrochlorio Sodio 

chloride. ooid. add. sulphute. 

The sodic sulphate (technically termed edit cake) is next 
heated with calcic carbonate and small coal. The carbon re- 
duces the sodic sulphate to sulphide j and the calcic carbonate 
transforms the sodic sulphide into Bodic carbonate, insoluble 
calcic oxysulphide being simultaneously produced 

5SO a Nao, + 20C - 5SNa> + 20OO; 

Sodio Sodio Carbonic 

•ulphate. sulphide. oxide. 

BSNa, + 7COCao" - 500Nao, 

Sodio Calcic Sodio 

sulphide. carbonate. carbonate. 

+ 5CaS", 2CaO + 200,. 

Calcic oxysulphide. Carbonic 

anhydride. 

The sodic carbonate, commonly called soda ash, is obtained 
by the extraction of the resulting mass with water. 


LITHIUM, Li r 

Atomic weight o7. Probable molecular weight »14. Sj > . gr. 
*»0‘59. Fuses at 180°. Atomicity Evidence of ato- 


micity : — 

Lithic chloride LiCJ. 

Lithic hydrate (Lithia) OLill. 


Occurrence. — In nature, in the minerals petalite, svodumene, 
lepidolite, and triphylline , and in small quantities in some 
mineral waters and ashes of plants. 

The properties of lithium resemble those of potassium and 
sodium ; and the compounds of the three metals also exhibit 
considerable similarity. 



Section IV, 

SILVER, Ag a , 

Atomic weight **108. Probable molecular weight «»216. Sp. 
gr . 10 4743. Futes at about 1000°. Atomicity '. Evi- 


dence of atomicity : — 

Argentic chloride AgCl. 

Argentic iodide Agl. 

Argentic oxide OA g a . 


Occurrence.— In nature in the free state, and as sulphide 
in silver glance ; as sulphantimonite in darh-red silver-ore (see 
p. 142), as chloride in horn-silver , as a compound of bromide 
and chloride (2AgBr, 3AgCl) in embolite , and also as carbonate. 

Extraction. — 1. The silver minerals are roasted with sodic 
chloride, by which the metal is converted into chloride; the 
mass is then mixed with water, scrap iron, and mercury, and 
agitated for some hours. The iron reduces the argentic chlo- 
ride to the metallic Btate, and the silver is then dissolved by 
the mercury. 

2. By crystallizing argentiferous lead. Nearly pure lead is 
first deposited ; and the residue, rich in silver, is then cupelled. 

Jteactions . — 1. Silver is blackened by sulphuretted hydrogen, 
argentic sulphide being formed. 

2. Silver is acted upon by hot concentrated sulphuric acid : — 
Ag a + 2»O a Ho, - SOjAgo, + 20H a + SO a . 

Sulphuric Argentic Water. Sulphur* 

acid. aulphate. annjdrid*. 

8, Dilute nitric acid readily dissolve! silver : — 

8Ag; + SNO.Ho — CNO a Ago + 40H, + '*r,O i . 

Nitric Ardent Watar. Httno 
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4. At a red heat silver decomposes hydrochloric acidt— » 

A g, 4- 2HC1 - H # + 2AgCl. 

Hydrochloric Arfeatio 

ftrfd. 6hloM». 

There are three compounds of Bilver with oxygen : — 

Argentous oxide OAg 4 P 

Argentic oxide OAg* 

Argentic peroxide j 

Argentous oxide is prepared by heating argentic citrate to 
100° in a stream of hydrogen, dissolving the residue, which 
contains argentous citrate, in cold water, and precipitating the 
argentous oxide by potassic hydrate. 

Argentic oxide is formed by precipitating argentic nitrate 
with a solution of baric hydrate, and drying the precipitate, 
which is probably argentic hydrate, Agllo. This is the salifi* 
able oxide of silver. 

Argentic peroxide is obtained by electrolyzing a solution of 
argentic nitrate, when it is deposited upon the positive pole. 

Argentic chloride, bromide, and iodide are insoluble in water 
and nitric acid. 


CHAPTER XVIII. 

I>YAD ELEMENTS. 

Section II. 

BARIUM, Ba. 

Atomic weight =137. Probable molecular weight =137. Sp. 
gr. between 4*0 and 5 0. Fueet below a red heat . Atomicity ". 
Evidence of atomicity 


Baric chloride Ba"C)„. 

Baric hydrate Ba"Ho r 

Baric oxide Ba'O. 
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BAKYTA. 


Occurrence . — In nature in tbe form of sulphate in the 
mineral heavy tpor, and as carbonate (COBao") in mtherite . 

Preparation, — 1. By electrolysing moistened baric hydrate, 
carbonate, nitrate, or chloride, the negative electrode being 
mercury. An amalgam of barium is thus formed, from which 
the mercury is removed by distillation. 

2. By passing the vapour of potassium or sodium over baric 
oxide strongly heated in an iron tube, and extracting the metal 
by means of mercury. 

8. By acting upon a solution of baric chloride with sodium 
amalgam, barium amalgam is produced. 

Reaction . — Barium decomposes water at the common tem- 
perature : — 

Ba + 20H, « H, + BaHo t . 

Water. Baric 

hydrate. 


COMPOUNDS OF BARIUM WITH OXYGEN. 


Baric oxide 


Baric peroxide 


BaO. Ba=0 


Ba 


8 )- 


BABYTA, Baric Oxide . 

BaO. 

iVdparation. — 1. By converting the native carbonate into 
nitrate by the action of nitric acid, and then heating the nitrate 
to redness in an iron crucible ; — 
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OOBao" 

+ 

2NO t Ho - 

f NO, 

■j Bao + OH, 

4* OO a ; 

Baric 


Nitric acid. 

INO, 

Baric 'Water. 

Carbonic 

2 

fNO a 

Bao 3 

= 2BaO 

nitrate. 

+ 2’N ,t 1 0 4 + 

anhydride. 

o. 


[wo. 

Baric 

nitrate. 

Baric 

oxide. 

Nitric 

peroxide. 


2. The nitrate may be obtained from native baric sulphato 
by mixing the latter with charcoal and heating the mixture to 
a high red heat, by which the sulphate is converted into sul- 
phide : — 

SO.Bao" + C 4 - BaS” + 4CO; 

Berio Berio Carbonic 

•olphate. sulphide. oxide. 

the residue is then treated with dilute nitric acid, when baric 
nitrate is formed. 

Reaction . — In contact with water, baric oxide is converted, 
with great evolution of heat, into baric hydrate ; — 

BaO + OH a « Ball<v 

, Baric Water. Baric 

oxide. hydrate. 


BARIC PEROXIDE. 



Preparation. — 1. By passing oxygen over baric oxide or baric 
hydrate heated to dull redness : — 

2B*0 + O, - 2B»° j . 

Baric Baric 

oxide. peroxide. 

SBaHo, + O, - 2 B»q } + 20II r 

Baric Baric Water. 


VOL. I. 


peroxide. 


U 
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BAJLIC HYDEATX. 


2. By heating baric oxide to redness in a crucible and gra- 
dually adding potassio chlorate : — 

8BaO + C10,Ko - KOI + SB } • 

Baric' Potaaaio Potearic Baric 

oxide. chlorate. chloride. peroxide. 

Reactions . — 1. By the* action of heat it splits into baric 
oxide and oxygen : — 


2Ba 


Baric 

peroxide. 


o\ 

0 / 


2BaO + O a . 

Bwio 

oxide. 


2. By treatment with steam, at the same temperature at 
which the peroxide was previously formed, it produces baric 
hydrate and oxygen : — 


2B*°j + 20H, - 2BaHo, + O s . 

Baric Water. Baric 

IHrroxidf. hydrate. 


8. By the action of carbonic anhydride or acids upon baric 
peroxide, hydroxyl is formed (p. 46). 


COMPOUND OF BARIUM WITH HYDROXYL. 

BASIC Hi BEATS, Caustic Baryta. 

B&Ho,. 

Preparation. — 1. By the action of water on baric oxide 

(p. 161 ). 

- 2. By boiling in water, with cupric oxide, the hum con- 
taining baric sulphide, prepared by reducing baric sulphate 
with carbon : — 

BaS" + CxlO + OH, - B&Ho, + CnS”. 

Bwio Cupric Water. Baric Cupric 

sulphide. oxide. hydrate. sulphide. 

Barium salts are formed by the action of acids upon baric 
hydrate, carbonate, or oxide. 
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DIHYDBIC BASIC DISULPHATE. 


SO a Ho 
Bao" . 
SO a Ho 


O 


(> 


H— O— I— O— Bar-0— 1—0— II 

4 


This compound is formed by boiling baric sulphate in con- 
centrated sulphuric acid, when the salt crystallises on cooling. 


STRONTIUM, Sr. 

Atomic weight =*87*5. Probable molecular weight =87*5. 
Sp.gr. 2-5. Fusee at a higher temperature than barium. 
Atomicity ". Evidence of atomicity : — 

Strontic chloride Sr"Cl a . 

Strontic hydrate Sr"IIo a . 

S trontic oxide Sr"0. 

Occurrence. — In the form of carbonate as the mineral stron • 
tianite , and as sulphate in celestine. 

Preparation. — 1. By the same methods as those employed 
in the preparation of barium. 

2. By electrolysing fused strontic chloride. 

Character . — The compounds of strontium resemble those of 
barium in constitution, preparation, and properties. 

The strontic peroxide can only be prepared by adding hy- 
droxyl to a solution of strontic hydrate 

SrHo, + Ho, = Srg} + 20H,. 

Strontic Hydroxyl. Strontic Water, 

hydrate. peroxide. 

Strontic carbonate is more easily decomposed by heat than 
baric carbonate. 


m2 
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CALCIUM, Ca. 

Atomic weight =»10. Probable molecular weight =40. Sp. gr. 
1*0. Atomicity Evidence of atomicity : — 


Calcic chloride Ca”Cl r 

Calcic hydrate Ca"Ho„. 

Calcic oxide Ca"0. 


Occurrence . — In nature as carbonate in the numerous calc 
span, chalk, marble, &c. ; as tetrahydric calcic sulphate 
(SHo 4 Cao") in gypsum , alabaster , selenite , Ac. ; as phosphate 
in apatite an & phosphorite (see p. 123) ; as fluoride in the floor 
spars (see p. 98) ; and in combination with silicon, oxygen, and 
other metals in numerous minerals. 

Preparation. — 1. By processes similar to those employed for 
the preparation of barium and strontium. 

2. By fusing together sodium, zinc, and calcic chloride, and 
subsequently heating the alloy of calcium and zinc so obtained, 
to a very high temperature in a crucible of gas-carbon, when 
the zinc volatilizes, loaving the calcium, which contains, how- 
ever, a small quantity of iron. 

Character . — The compounds of calcium resemble those of 
barium and strontium. 

Calcic oxide or quicklime (CaO) is manufactured on a large 
scale by burning coal intermixed with chalk or limestone, when 
carbonic anhydride is easily expelled from the chalk or lime- 
stone, leaving calcic oxide. 

Calcic hydrate or slaked lime (CaHoJ is formed by the 
action of water upon calcic oxide ; it is much less soluble in 
water than the baric and strontic hydrates. 

-By exposing quicklime to the action of the air it is converted 
into dicalcic carbonate dihydrate, CO(OCa"Ho) r 

Calcic peroxide ^Ca^ j ^ is prepared like the corresponding 
strontium compound. 
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By passing chlorine over calcic hydrate, a compound known 
as chloride of lime or bleachivg-powder is formod. This has been 
supposed to consist of calcic chloride mixed with calcic hypo- 
chlorite ; but it is more probably calcic chloro-hypochlorite, as 
expressed by the following formulae : — 

Ca(OCl)Cl. Cl—Ca— 0-C1. 

The corresponding baric and Btrontic cb loro-hypochlorites 
B» ( c ° a) and Sr£j a) , are known. 

Barium, strontium, and calcium all form soluble dihydric 
dicarbonates : — 

O O 

II II 

H — 0— C — 0~ Ca — 0 — C — 0 — II 

They are produced by passing an excess of carbonic anhy- 
dride through solutions of baric, strontic, and calcic hydrates* 
The compounds are decomposed at 100°, carbonic anhydride 
being evolved and carbonates precipitated : — 

fCOHo 

* Cao" « COCao” + OH, 4* CO a . 

COHo 

Dihydric calcic Calcic Water. Carbonic 

dicar bonatc, carbonate. anhydride. 


MAGNESIUM, Mg. 

Atomic weight =24. Probable molecular weight *=24. Sp.gr. 
1*75. Puses at a red heat. Volatilizes at a bright red heat. 
Atomicity Evidence of atomicity 


Magnesic chloride Mg"Cl r 

Magnesic oxide Mg"0. 

Magnesic hydrate 


Occurrence . — In nature in dolomite , the calcic magnesic di- 
carbonate, 
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COMPOUNDS OP MAGNESIUM. 


CO jC® — Oa— (K 

2~Cao"Mgo" 0=C C=0; 

00 ^0 — Mg — QJ 

in brucite or magnesio hydrate, MgHo 3 , and in many minerals 
containing silicon. 

Preparation, — 1, By electrolyzing fused magnesio chloride. 

2. By fusing a mixture of magnesio chloride, potassic chlo- 
ride, and sodium. 

Reactions. — 1. It very slowly decomposes water at the ordi- 
nary temperature, but more rapidly at a boiling heat. 

2. It readily burns when heated to redness in the air. 

Character, — Magnesium only formB one compound with oxy- 
gon, MgO, magnesia. It is obtained by burning magnesium 
in air, or by heating the carbonate to redness. 

Magnesic hydrate (MgHo a ) is formed by the action of water 
upon magnesic oxide, or by precipitating magnesic sulphate by 
potassic hydrate : — 

SO a Mgo" + 20KH «= SO a Ko a + M*Ho a . 

Magnetic Potassic Potassic Magnesio 

sulphate. hydrate. sulphate. hydrate. 

It scarcely dissolves in water. 

Crystallized magnesic sulphate (SOHo a Mgo", GOIXJ is pre- 
pared by treating dolomite , the magnesic calcic dicarbonate, with 
sulphuric acid, filtering from the nearly insoluble calcic sul- 
phate, and crystallizing : — 


QQCao"Mgo" + 2SO,Ho, ■= SOHo„Cao" + SOHo,Mgo" 

Dolomite, oaldc Sulphuric Dihydrio calcic Dihydrio magnesic. 

magnesio dioarbonato. acid. sulphate. sulphate. 


+ 200 ,. 


Carbonic 

anhydride. 


Magnesio sulphate is very soluble in water, thus differing 
from the baric, strontic, and calcic sulphates. 

Magnesio sulphate, when mixed with potassic or amnionic 
sulphate, forms a disulphate, as, for instance, 
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SOKo vr f/ 
SOfaKgo . 

Dipotawie magneaio 


K — < 


A 


Many magnesic phosphates are known. 
Ammonic magnesic phosphate, 



II H 

pOAmoMgo", Mfe' /0 ; P— 0— 

NO/ S iTh 

occurs in the seeds of some of the cereals, and sometimes in 
urine, and in urinary calculi : it is found in nature as guanite 
and ttruvite. 

Magnetic carbonate (COMgo") is found in nature as mag- 
netite. 


MAGNESIA ALBA, Tetrahydric tetramagnetic tricarbonate. 


C 3 Mgo” 4 Ho 4 , or< 


Clio 

M*o , 

O 



H ~° N c /0 ~ Mg “ 0x c /0_Mg-0s c /0 " 11 

H — 0 / s 0— Mg— O y s 0— Mg— 0 7 O— H 

This compound is formed by boiling a solution of magnesic 
sulphate with sodic carbonate (Berzelius) : — 

480,Mgo" + 4COKao a + 2011, « 

Pfapwiic wlphrte. Bodie carbonate. Water. 

+ 4SO a Nao, -f* CO, 

Sodio sulphate. Carbonic 

anhydride. 


C.Mgoyio, 

H^OMUkltn. 
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ZINC, Zn. 

Atomic weight **65. Molecular weight =65. Molecular and 
atomic volume CD* 1 litre of zinc vapour weigh* 82*5 
criths. Sp. gr. 6*8 to 7*2. Fusee at 500°. Distils at a 
red heat. Atomicity Evidence of atomicity : — 

Zincic chloride Za"Cl 8 . 

Zincic oxide ; Za"0. 

Zincic hydrate Zn"Ho a . 

Occurrence. — In nature as oxide (ZaO) in red zinc , as 
sulphide (ZaS") in the mineral zinc blende , as carbonate 
(COZno") in calamine , and as Bilicate in electric calamine , 
williamite , or zinc glass. 

Manufacture. — Zinc blende, or calamine, by being roasted in 
a current of air, is converted into zincic oxide : — 

COZno" = ZaO + CO,. 

Zinoic carbo- Zineio Carbonic 

ante (calamine). oxide. anhydride. 

2ZnS" + 30, = 2ZnO + 2SO,. 

Zinaie eulphide Zincic oxide. Bnlphorona 

(Zino blende). anhydride. 

The roasted and powdered mineral is then heated with pow- 
dered coal, when the zinc is reduced and distils over: — 

ZaO -f C = Zn + CO. 

Zincic Carbonic 

oxide. oxide. 

Reactions . — 1 . It slowly decomposes aqueous vapour at 
100°:— 

OH, 4" Zn = ZaO + H # . 

Water. Zincic oxide. 

2. Zinc is attacked by almost every acid at the common 
temperature. 
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8. When boiled in potassic, sodic, or even ammonic hydrate, 
hydrogen is evolved, and a double oxide formed : — v 

20KH + Zn = ZnKo, + H,. 

Potusic Di potowte 

hjdrtto. sinao oxide, 

COMPOUND OP ZINC WITH OXYGEN 
ZINCIC OXIDE. 

ZnO. 

• Preparation . — 1. Zincic oxide is obtained by burning sine 
in air. 

2. By passing steam over heated zinc. 

3. By heating the precipitate formed by ammonic carbonate 
in solutions of zinc salts. 

OTHER OOXPOUNDS OF ZINC. 

Zineie hydrate (ZnHo,) is obtained as a white precipitate 
by the action of potassic hydrate on solutions of zinc salts : — 

SO.Zno” + 20KH - ZnHo a + SO,Ko r 

Zinoio ralphoU. PoUsaie Zincic PoteMio 

hydrate. hydrate. sulphate. 

The precipitate is dissolved by excess of potassic hydrate. 
CrytUUlixed zincic sulphate is isomorphous with crystallized 
magnesic sulphate, and contains seven molecules of water, six 
of which are easily expelled at a moderate heat, the last only 
being driven off at a somewhat high temperature. It also 
resembles magnesic sulphate in forming double salts with 
potassic and ammonic sulphates : — 

Zincic sulphate (crystallized) 80Ho f Zno", OOH a . 

fSO,Ko 

Dipotsssic zincic disulphate (crystallized) \ Zno'' , 60H 3 . 

[ SO.Ko. 
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CADMIUM. 


Zincic carbonate (COZno") occurs in nature as calamine , 
The precipitate obtained by adding a eolation of sodio car- 
bonate to a solution of a salt of zinc has a variable constitution. 
The reaction usually takes place thus : — 


CSOjjZno” + 5CONao a + 3011, 

Zincio mlphate. Sodio carbonate. Water. 


CHo(OZn"Ho) a 

Zno” 

CHo(OZn"Ho) a 


Dibydria poataaincic 
dioarbonate tetrahydrate. 


+ 


6SO,Nao, + 300,. 

Bodio sulphate. Carbonic anhydride. 


CHAPTER XIX. 

DYAD ELEMENTS. 

Section IV. 


CADMIUM, Cd. 

Atomic weight =112. Molecular weight =112. Molecular 
and atomic volume l~l > . 1 litre of cadmium vapour weighs 

56 critks. Sp.gr. 8*7. Fuses below 260°. Easily volatile. 
Atomicity ", Evidence of atomicity : — 


Cadmic chloride Cd^'Cl,. 

Cadmic oxide Cd'O. 


Occurrence . — In nature in small quantities, associated with 
zinc, and in the form of sulphide as greenockite. 

Preparation,— Thy distilling fractionally the more volatile 
part of the metal obtained in the manufacture of zinc, and 
then dissolving this more volatile product (which consists of 
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zinc, cadmium, and a little copper) in hydrochloric or dilute 
sulphuric acid, precipitating the cadmium and copper with 
sulphuretted hydrogen, dissolving the mixed sulphides in 
dilute sulphuric acid, and adding an excess of solution of 
ammonic carbonate, which precipitates both cadmium and 
copper, but redissolves the latter. The cadmic carbonate is 
then ignited, and the resulting oxide reduced by charcoal. 

Cadmic oxide (CdO) is preparod by heating the hydrate, 
carbonate, or nitrate. 

Cadmic 'hydrate (CdIIo a ) is obtained by precipitating a 
solution of a cadmic salt by sodic or potassic hydrate. 

Cadmic sulphate (SO a Cdo", 40ll a ) is obtained by dissolving 
cadmic oxide or carbonate in sulphuric acid. By heating 
this compound, or by partially decomposing it with alkaline 
hydrates, it is transformed into 

Dicadmic sulphate dihydratc SO a (OCd"Ilo) a 

O 

I; 

II— O— Cd— O— S— O— CM— 0— II 

A 


MEECUBY, Hg. 


Atomic weight «=200. Molecular weight *200. Molecular 
and atomic volume CO. 1 litre of mercury vapour weighs 
100 criths. Sp.gr. 13 50. Fuses at — 10°. Boils at 300°. 
Atomicity ", also a pseudo-monad. 

The following list contains tho names and probable consti- 
tutional formula of the principal compounds of this metal : — 


Mercurous chloride 
(hom^ncrcury) 



Mercuric chloride. . . KgCl,. 
Mercurous oxide ... 'HtfA or 




1 72 COMPOUNDS OF MSBCUKY. 

Mercuric oxide ... HgO. 


Hgs=0 


Mercurous sulphide 



Mercuric sulphide 'j 

(vermilion, cinna- vHfS". 
bar) j 

Mercurous sulphate. 80 a ('Hg' a 0 a )". 



Mercuric sulphate... SO a Hgo". 


Trimercuric sulphate 1 gjj co " 
(Turpeth mineral). J ® *’ 


H g : 


AJ 


' N o / 


l 


.Hg 

0 1 
Al / 6 




O ' | N 0 

SL 


Tetrahydric mercurous diuitrate... NaOjHo^'Hg^Oa)" 


H 


i 


H 

A 


Hg — Hg — o — ir=o 

i <i 

k k 


• Dimercurotu ainitnte ... < O 

llfOCHg'.O,)" 
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Hexahydric trimercu- 1 

H,0 4 Ho.('Hg* t O.)V 

tons tetranitrate ... J 

Mercurous dimercuric 1 
dinitrate J 

W,0,('Hg'.O a )"Hgo',. 

Tetrabydric mercuric 1 

N,0,Ho,IIgo". 

dimtrate / 

Tetrabydric dimercuric ) 

N a OHo 4 Hgo",. 

dinifcrate / 

Dihydric trimercuric ) 

N.OHo.Hgo",. 

dinitrate J 


0 0— Hg 

Trimercuric carbonate. . . 

CHgo"(Hg",0,)". 0 

Tetramercuric carbonate. 

CIIgo"(Hg",OJ". 

0 0 — Mg — 0 

HgV ilg 

W-Hg-6 

Mercurosodiammonic 1 

NH.CIHgl 

dichloride J 

NH.CIHg J ‘ 

Mercurosomercurodi- | 
ammonic dichloride. # 

N,Hg"H/Hg' Cl,. 


Cl 

Mercurammouic chlo-'j 

WH.Hg'Cl. H— H 

ride. (White preci- V 

pitate.) ) 

4 

Trimercuric diamide .. 

r H n 

. n, Hg'.. N— Hg— N 


Lng-J 
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COMPOUNDS OP COPPER. 


COPPEB, Cu. 

Atomic weight =63*5. Probable molecular weight = 63*5. /8jp. yr. 
8*8. c/ cfowtf 780°. Atomicity ", o/to a pseudo-monad. 

The following are the names and probable constitutional for- 
mula) of the principal compounds of this metal : — 


Cuprous hydride. . 

Cuprous chloride 
Cupric chloride .. 


CnH 

OuH* 


H — Cu — Cu— H 


' 'Cn'jClj or {£££}. Cl-Cu— Cu— Cl. 


CuCL, 20H-. 


Cl— Cu— Cl 


f CuHo 

!ao 

Cuprous hydrate, 4'Cu' a O, OH a , or j Cu 0, 




Cu° 

1 CuHo 


O— Cu— Cu— O 

Cupric hydrate CuHo a . 

fCn 

Cuprous quadrantoxide 


Cu — Cu — O — Cu — Cu — O — Cu — Cu — O 

k 

H — O — Cu— O — II 


(.Cu J 


Cu— Cu 

I >0 

Cu — Cu 


Cuprous oxide. (Red 'i ^ 

copper ore f or ruby l 'Cu’ a O or j q^O. 

ore.) J 

Cupric oxide CnO. Ciu=0 

Cuprous sulpliidc.1 'Cu' S"or I £?S". 
(Copper glance.) ... J a l 0,1 


Cu 

1)0 

Cu / 
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Cupric sulphide. {In- 
digo copper or blue 
copper.) 

Cupric sulpho-hydrate.. 5CuS" t CuHo a . 

Cupric nitrate JJq 9 Cu°", 4011,, or .j}j|^ 4 Cuo' f . 

Dihydric cupric sulphate SOHo.Cuo", 4011,. 



Ilydric tricupric sul- 1 
pliate trihydrate . . . / 


SOIIo(OCu m 1Io) 3 . 


Dihydric tetracupric \ r 
sulphate tetrahy- 1 8Ho t (OCu"IIo) 4 . 
drute.{Brochantite.) J 


II — O 0 — II 

H— O — Cu — 0— 8--0 — Cu — O — II 
O 

H—0 — Cu Cu— O— II 


Ilydric pentacupric 'j 

sulphate pcntahy- > SIIo(OCu"IIo) 4 , 20IT a . 
drato J 


Ammoniocupric sul- 
phate. (j Dihydric 

diammonic cuprodi- 
amtnonic sulphate.) 

Dipotassic cupric disul- 
phate 

O 


. SHo a Amo a Kcu°" a ]" 
. , fSO a Ko 

1Bu1 ’ J Cuo" . 

( SO a Ko 


0 


K — O — S— O — Cu— 0—8— 0 — K 

II l ! 

o o 


Dicupric carbonate. 
(Myeorin.) 


CCuo'V 
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Dionpric carbonate di- j eo(OCu - Ho) 
hydrate. ( Malachite .) J 


H — O — Cu — O — 0 — O — Cu — 0 — H 
Dihydrictricupric dicar- 
bonate. {Blue malachite, fCHoCuo'' 
azurite , mountain -blue, 9 | 0HoCuo" 
op copper-azure.) J 1 

O— H H — O 


O— H H — O 

0 I I 0 

Cu 7 S C— 0— Cu— O— C^^Ca 

V V 

Cuprodiammonic carbo- 'j rvTiT -t „ 

nate. (Ammoniocvpric l CO I Cu"0,J . 
carbonate.) J 8 


Cu N C=0 

\ir 


SIOHo(OCu"Ho). 

hydrate. (DtopUue.) J 


H— 0— Cu— O-Si-O— H 
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CHAPTER XX. 

TRIAD ELEMENTS. 

Section II. 

GOLD, Aiiy. 

Atomic weight » 196 7. Probable molecular weight =303* 4. Sp. 
gr. 19*3 to 19 5. Fueee at about 1100' -1200°. Atomi- 
city' and 

The following are the names and probable constitutional for- 
mula of the chief compounds of gold : — 

Au— Cl. 

Cl 


/ N 

Cl Cl 


Au — O — Au 
0= Au — O — Au— O 


Potassic aurate AuOKo, 30H a . 0=Au — 0 — K 

Auroua sulphide Au,S' ' . 

( AuS” 

Auric sulphide ............ 4 S" 

I AuS ' 

TOL. I. K 


Aurous chloride AuCl. 

Auric chloride AuCl a . 

Aurous iodide Aul. 

Auric iodide Aul,. 

Aurous oxide Au^O. 

Auric ezide. (Auric anhy- J q 11 ^ 
dride.) [ AuO 
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Section III. 

THALLIUM, TJ a . 

Atomic weight =204. Probable molecular weight =408. Sp. 
gr. 11*81 to 11*91. Fuses at 294°. Atomicity ' and 
Evidence qf atomicity : — 


Thallous chloride T1C1. 

Thallous oxide OTl a . 

Thallic chloride TT"C1 3 . 


Occurrence . — In small quantities in certain varieties of py- 
rites and sulphur, And in minute quantities in some mineral 
springs. 

Preparation . — By extracting with water the deposit formed 
in the flues of sulphuric acid-chambers, and precipitating the 
thallous chloride by hydrochloric acid. The chloride is con- 
verted into sulphate by the action of sulphuric acid ; and when 
purified, a solution of the sulphate is decomposed by metallic 
zinc, which precipitates the metallic thallium. 

The following list contains the principal compounds of this 
metal : — 


Thallous chloride 

T1C1. 

Thallous oxide 

OT1,. 

Thallic chloride 

mci,. 


f TIO 

Thallic oxide 

...jo . 


ITIO 

Thallous sulphide 

: sTi,. 

Thallous nitrate 

Tf0 8 Tlo. 

Thallous sulphate 

SO a Tlo a . 

Thallous carbonate 


Thallic oxy hydrate 

TIOHo. 
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CHAPTER XXI. 


TETRAD ELEMENTS. 


Section II. 


ALTJMIKrOH, Al. 

Atomic weight =27 5. Molecular weight unknown. Specific 
gravity 2-0. Fusee at about 450°. Atomicity lr , but is 
always a pseudo-triad. Evidence of Atomicity — analogy 
with iron and chromium . 

Annexed are the names and probable constitutional formula) 

of the most important compounds of this metal : — 

Ci Cl 

Aluminic chloride . . . 'AT a Cl, or j £}£}-. Cl— Al— il— Cl 

da di 

Aluminic oxide O-ACAi-O 

Aluminic hydrate. 1 A | TT . / AlHo, 

(OiiMte.) 1 A ^ Ho « or | AlHo,' 


H— O O— II 
H-O— il— a!i— O— H 


t-d> d>- 
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COMPOUNDS OF ALUMINIUM. 


Aluminic 
hydrate. 
aspore .) 

oiydi - 1 
(2)»- 1 

Ain Wo n , J AlOHo 
AljOjHo, or | ^joHo - 



0=A1— A1=0 

1 1 


A A 
A A 


Aluminic sulphide ... 

AJ > 8 "3 0r {^"' S "- 

Dipotassic aluminate 

A1.0 3 Ko a 

Magnesic alumi- 1 
nate. ( Spinelle .) J 

Ai,0,Mgo"or{^}gMgo". 

Aluminic sulphate .. 

S,0,('Ar,O.)’i, 180H, or 


SO, — j 

SO,-( Al"',0 I ) ri , 180H,. 

SO,— 1 

Aluminic sulphate -j 
tetrahydrate. 1 

(Aluminite.) . . . J 

®0*C Al'" f 0 8 Ho 4 ) ", 70H # . 

Allophane 

SIHo 8 ('A1" , 1 Ho 4 0 1 )" i (2 or 4)OH t . 

Prehnite 

8l 1 Ho a Cao" # ( , Ar" a O # ) ti . 

Topu ai,( , Al'" 1 0,F)’('Al"’ 1 0 4 r t )«’('Al'" l 0 4 P) 

Zoisite 

« 4 Cw ",( \ 0 )■ 

V I'AT.O/ 

Spodumene 

Si 1 ,0„Lio,('Al"’,0 4 )’< 4 . 

Petalite 

•l»0 44 N»o,Iii 04 (’Al"' t 0 4 )’ , 4 . 
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A1 unite, alum- 1 

•tone / 

SOHoko' A1 > Ho A) 

Collyrite 

SlHo J ('Al"',Ho,0)„ 40H,. 

Dipotaaaic alumi- » 
nic tetnwul- 

pbate. (Common 
alum,) 

SO,Ko — | 

18 — ( A1 "'A) Ti . 2401T. 
SO“Ko— 1 

Wortbite 

®(Ar,HoO,)' 

~°('A1 ',HoO,r 

Miloschine 

SiHo 3 ('Al"' s IIo 4 O a )". 

Porcelain clay of 1 
Passau J 

^-Ar.Ho.0 

Cimolite, kaolin of \ 
Ellenbogen J 

SiHo, — . 

SiO * V" o V» 

sio J 1 * 

SiHo,— J 

Agalmatolite 

SiO Ho—, 

Si0 ('Al'" O p» 

SiO \ A1 * • 

SiOHo-J 

Buchbolzite, xeno- 1 
lit© J 

S( , Ar",o,) ri 

“(Al'",0.>i 

Porcelain day 

f SiHo— | 

. J 0 ( Ar.Ho.OJ". 

[SiHo — 1 

Andalusite, chias- 


tolite, cyanite, 
fibrolite, sillima- 
nifce 

. 8i0('Ar'" J 0,)”. 

Wemerite 

» 2 Cao"(Ar",0,)". 
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Saponite 

Lepidolito 


Analcime 


Razoumoffskin 
Malthacito .... 


Albite 


8i,Mgo",Ho„('Al"',0.)’ i . 

Sl t O.Ko,Lio 4 ('Al'" t OJ^ , AJ'V.O,)". 


BiHo.Nao 

O 

g('Al' "flj*. 

o 

8iHo a Nao 

SiHo a — , 

SlHo,- 

SIHOj — • 

Si.0 ll Ho 4 ('Al ',0.)^. 
SiONa 



O 

SiO- 
SiONao— J 


CHAPTER XXII. 

TETRAD ELEMENTS. 

Section III. 

FLATUTUIC, Pt. 

Atomic weight ■» 197*4. Molecular weight unknown. Bp.gr. 
21*5. AtomioUg " and 4 \ 




Platoso-diammon di- J N1I 3 (N'’'H J )Ho 
ammonic dihydratc | NH a (X’H 4 )Ho 



H 

H 



H 

b 

6 

H 


/ 

X N— 

— N — Pt 



< H 

n^N 

H H 



if 
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LEAD. 


Platosodiammonic ox- 
ide 

Platinous sulphide . . . PtS' ' . 
PI a tinic sulphide ... PtS".,. 


lWH, J 


N— Pt— N 


CHAPTER XXUI. 


TETRAD ELEMENTS. 

Section IV. 


LEAD, Pb. 

Atomic weight *=207. Molecular weight unknown. 8p. gr, 
11*445. Fuses at 335°. Boil* at a white heat. Ato- 
micity " and *\ Also sometime* a pseudo-triad. 

The following list contains the names and probable consti- 
tutional formulae of the most interesting compounds of this 
metal : — 


Plumbic chloride ... 

Plumbous oxide 

Plumbic oxide. | 
{Litharge.) J 

Plumbic peroxide. \ 
( Plattnerite ) ... J 


FbC],. 

{S» 


FbO. 


FbCV. 


Cl— Pb— Cl 

A"' 


P U° 


Pb=0 


0=Pb=0 
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Diplumbic 
oxide .. 


} PbOPbo". 



30 

1 

i 


< 


Triplumbic ^ 
tetroxide . . . J 


PbPbo'V 



Tetraplumbic 

pentoxide 




} PbPbo"(Pb" a O,)". 



Plumbic chlorohy- \ jh, HoC i ci— Pb— O— H 

drate J 


Plumbic hydrate Pbllo,. 

Diplumbic oxydihy- j 
drate {pbHo 

Diplumbic oxydichlo- f 
ride. (Matlockite.) 1 p|>Qi* 

Diplumbic oxychlo- f 
rohydrate {pbCl’ 

Octoplumbic hept- 1 pb O C 
oxydichloride ... J f 7 


H— O— Pb— 0— H 
H — 0 — Pb— O — Pb — 0 — II 

Cl — Pb-— 0 — Pb— Cl 

Cl— Pb— 0— Pb — 0— H 


0— Pb— 0— Pb— 0— Pb— 0— Pb— 0— Pb— 0— Pb— 0 

A 

1 1 
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COMPOUNDS OF LEAD. * 


f ci 
' . 
^FbCl 

Plumbic sulphide. 1 p^g" 
(Galena.) J 


Cl — Pb - 0 — Pb— O — Pb— Cl 


PbCl 

Diplumbic sulphodi- g„ 
chloride PbCl* 


Cl — Pb — S— Pb — Cl 


Plumbic sulphate. 1 
(Lead vitriol.)... J 


SO a Pbo". 


(NO 

Plumbic nitrite 1 Pbo' 

[NO 


Plumbic nitrite 
hydrate 

Diplumbic nitrite- 
hydrate 


NO(Pb"HoO). 

NPbo'(Pb'HoO). 


H — O- 


i— Pb_ o— 

\o/ 


Ilydric plumbic ni- 1 
trate J 


NOHoPbo". H- 


o— ii'(°)pb 

x o / 


Dihydric diplum- ' 

bic nitrate hy- ► NHo a Pbo"(PbHoO). 
drate 
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Plumbic nitrate 



Dihydric diplumbic 
nitrate nitrite. 
(Basie hyponi - 
irate of lead.) ... 


NHo.Pbo" 

Pbo" 

NO 


H — O 

0=N— O — Pb— O — kv 
I N3 7 
H — 0 


COPbo" 


/O v 

0=C Pb 

N o 7 


Plumbic carbonate, 'j 
(Lead spar , white V 
lead ore.) J 

:} 

Viplumbic dihy- \ \ 

drate dicarbonate. I C0(0PbIIo) Pb °" * 
(White lead.) ... J v ' 


Yorke’s diplumbic 
dihydrate car- 
bonate 


CO(OPb"Ho) a . 


O 


o 


H 


— O— Pb-O— C— O— Pb— O— Lo— Pb— O— H 


or 

Dihydric triplum- \ CHoPbo" p , ,, 
bic dicarbonate J OHoPbo" 


O— -H H— O 

P b /°U 0-Pb-0-^°>b 

v o / s o / 
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COM FOUNDS 01 


O 

Diplumbic sul- 1 /O— Pb— 0 N || 

phate carbonate. V Pbo" a . 0=C 8 

(Lanarkite.) ... J 8 v 0 — Pb— O^JI 


( LanarhUe .) ... J ~ a — Pb— O ^ 

Tetraplumbic tri- 'j CO ‘ 

-I oo] 

-I co l 

J BO 1 


etraplumbic tri- 'j CO 7"| 

carbonate sul- I OO 5£°,,tL 

,1,^ (i-i oofc."”- 

haute.) J B°* 

o o o o 

Lo-Pb-O-IL-O-Pb-O-Lo-Pb-O-i 


-Pb- 


1 


o 


Diplumbic chromate. CrOPbo" a . /0\ II /0\ 

Pb ^o /Crv o /Pb 

Pb— O C 

Triplumbic di-| ^?, Pbo <^)_ c,__0_Pb— O^fc' 
chromate [ CsOPbo" J ^ ^ 


Dipotawic 1 PbOKo,. ? 

plumbate J K— O—Fb— O— K 
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CHAPTER XXIV. 

HEZAD ELEMENTS. 

Section IV. 

CHBOXITTH, Or. 

Mamie weight *-52*5. Molecular weight unknown . Sp, gr. 
7*0146. Atomicity ", iT , and Ti ; alto a pseudo-triad ( and 
a pseud-octad). Evidence qf atomicity : — See the annexed 
compounds. 

The following are the names and probable constitutional 
formula of the most important compounds of this metal : — 


Chromous chloride 

OrCl r 

Cl — Cr— Cl 



Cl Cl 

i | 

Chromic chloride ... - 

fOrCl, 

lorci; 

Cl— Cr — Cr ■■ M C1 

d d 

Chromic perfiuoride 

OrF t . 

F 4 /F 

Chromous oiide 

OrO. 


Chromous hydrate ... 

OrHo,. 


Chromic oxide 

f OtOq 

lo»o a 

0 

0=*£-^br==0 
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Chromous dichromic f CrO r . „ /O — Cr— 0\ 

tetroxide I OrO^ 10 * 0=€r Cr=0 

.Dichromic ferrous' 

tetroxide. f CrO™ »/ /O — Fe — 0\ 

(CArowc iron ' \CrO* eo ' 0=Cr Cr=0 

[ ore.) 


Chromic dioxide CrO a . 


Chromic anhydride. . Cr0 3 . 

Dipotaaeic chro- 
mate. (Normal 
potass ic chro- 
mate.) 


| OrO„Ko a . 



O 


K — O — ~Cr — O — ■'■K 



Dipotasaic dichro- 
mate. (Petamc 
bichromate.) 


o o 

CrO a Ko || J| 

O . Iv— -0— -Cr- — O--— C#— rO-r-K * 
CrO a Ko 


A A 


Dipotassic trichromat©^ 
(Potastic terchromate.) 


CrO a Ko 

O 

Cpo, 

O 

Cp0 2 Ko 


O 0 0 

K— O— Cr— O— JUoJL« . 

A A" 
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Dipotassic chromous 1 SO a Ko£, ro „ qqjj 

disulphate J SO t Ko * 8 


Chromic sulphate 




SO a — | 

SO a — ('Cr'" a O () ) vl J 150H a . 
SO a 1 


Dipotassic chromic 

sulphate ( Potas - l gQ , ~('Cr" , t O») 1 ' , i 2lOH r 
sium chrome alum.) J SCXKoJ 


Chromic nitrate , 


Cr" H 0,Ho J*. 


:■} 


OrO a Pbo'\ 


Octochromic carbo- \ 
nate dihydrate ... ) 

Plumbic chromate. 

(Bed lead ore ) 
crocoisite.) .. 

Sulphochromic acid, c SO a Ho 
( Dihudric sulphate \ O 
chromate .) ICrO.Ho 

Tetrapotassic dichro- f ^ r< ^° 
mosulphate [ OrOKo — O a J 

Chromic hydrate j CrHo^ 


- , . . , ( Cr0 2 (OHo) 

Perchromic acid | CrO a (OHo)* 


tt H 

A A 
A A 
0= J] 


!r^0 
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COMPOUNDS OP MANGANESE. 


Potassic chlorochro- 
mafce 


CpO a ClKo. Cl — 0—0 — K 


Chromic dichlorodi- ^ 
oxide. ( Chloro - l Cr0 3 CI 3 . 
chromic acid.) J 


Dhromous sulphide. . . 
Dichromic trisul- 
phide 

Sulphochromic anhy- 
dride 


CrS". 
f CrS” a „ 
t CrS" 8 * 


CrS",. 


O 

Cl— Cr— Cl 

II 

o 


MANGANESE, Mn. 

Atomic weight ««55. Molecular weight unknown. Sp. gr. 7 
to 8. Atomicity ", lT , and ** ; aleo a pteudo-triad and a 
pceud-octad. Evidence of atomicity : — 

Manganic perfluoride Mn^F,. 

Analogy with chromium. 

The following are some of the more important compounds 


>f this element : — 
Manganous chloride. 

Bind,. 

Cl— Mn— Cl 
Cl 

Cl— lia— Cl 
1 

Manganic chloride ... 

MbC1 4 . 



Cl 

Cl Cl 

Dimanganic hex*- 

f MaCl, 

Ci^lln— *lla— ^ 
1 1 

chloride ' 
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Manganous hydrate.. MnHo a . H — 0 — Mn — O — H 

Manganous oxide ... MnO. Mn=0 


Mangano us diman- 
ganio tetroxide. 
( Haummnite .) ... 


MnO 

MnO 


MW'. 




O— Mn— O 


-Mn=0 


Dimanganic trioxide. 1 Mn0 Mno\ 0 =Mn(°>n 
( Bravmte .) J N 0/ 

Dimanganic dioxydi-’i H — 0 N /O x 

hydrate. ( Manga - > MnIIo 2 Muo". ^ q 7 Mn x Q^Mn 
nite.) J 

f MnO | 

Varvicite Mno" (Mn>*O a Ho a )" 

[ MnO I 


0=Mn — O — Mn — O — Mn=0 
x 0 Mn 6 


H- 


:-cf o-: 


II 


Manganic oxide. \ M 0 
{Pyrohuite.) J ** 

Manganous diman- ^ 
ganic tetroxide di- MnOHo 
hydrate. (Prilome- j MnOHo 
lone, Hartmangan ) . J 


H — 0 — Mn — 0 — Mn— 0 — Mn — 0 — II 

A A 


Dipotassic manganate MnO s Ko a . 


O 


K— O — Mn—O — K 


VOX. I. 


o 
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COMPOUNDS OF MANQANISE. 


Dipotassic per- | j MnO a i 


manganate J 1 MnO a i 


£ £ 

A A 
A A 

0=*ln« — Mn^O 


Manganous sul- \ 
pbide. {Man- l 
ganese blende .)... J 

Disulphopotassic 'j 
trimanganous V 
disulphide J 

Manganous carbo- "j 
nato. ( Manga- J- 
ne8e spar.) ...... J 

Dihydric manga- 1 
nous sulphate ... J 

Dipotassic manga- 1 
nous disulphatc. J 

Aluminic manga-^l 
nous tetrasul- | 
pbate. {Manga- > 
nese aluminium 
alum.) ^ 


MnS. 


MnKs 

MnKs 


Mns" 


COMno" 


80Ho,Mno", (3, 4, or 60H a ). 

so a , 

f SO a — | 

\ Mno"( , Al'" 8 O c ) Ti , 240H a . 


Iso. 

so; 

?O t - 


Dinmnganic trisul- 1 soUj^' 
pbate J an I 


pbate 

Dipotassic di man- 
ganic tetrasul- 
pbate. {Potas- 
sium manganese 
alum.) 


80,- 
SO,Ko-j 

SS*Z (W".0^,240H,. 
so!ko j 



COMPOUNDS OF MANGANESE* 


1V0 


Manganous hydric phosphate 

Manganous silicate. (Silicife- > 
roue manganese, red manganese, 
rother Mangankiesel, Both - 
hraunsteinerz .) 

Dimanganous silicate. ( Tephro - 1 

He.) J 

Dihydric dimanganous silicate! 
dihydrate. ( Schwarzer Man - y 
gankiesel.) J 


POHoMno". 


SiOMno". 


SiMno" a . 


SiHo a (OMuHo) a . 


Hexamanganio monosilicate, ! V!t . 

(Hetervcline.) } sl ( Mn A.) 1 '- 

, Si s 

6 o h i 

0=Mn — lln Mil — Mn Mn— Mn=£) 

V V V V V 


rsiaio". 

Triglucinic tetramanganous tri- J „ 
silicate sulphide. (Hclvine.) j 

LSiGlo"- 


8 " ) 
Mn'O' 


Aluminic manganous disilicate . 



.0.)*, 20H,* 


IEOH, Fe. 

Atomic weight *56. Molecular weight unknown. Sp. gr. 7*8. 
Atomicity ", iT , and Ti . Evidence of atomicity — antilogy 
with chromium. 

The following is a list of the chief compounds of iifon • 
Ferrous chloride ... FeCl s . Cl — Fe — Cl 
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Cl Cl 


Ferric chloride 

[ FeCl s . 

1 P«C1 3 . 

Cl—Ae— ll— Cl 
1 1 



Cl Cl 

Ferrous oxide 

PeO. 

0 

1 

Ferrous hydrate 

PeHo 2 . 

H— 0— Fe— 0— H 

Ferric oxide. ( Bed 

hematite, micace- 
ous iron, oligist, 
specular iron, or 
iron glance.) 

5? 

OO 

o 

o 

II 

P° 

ii 

o 



H H 


A A 

Ferric hydrate j H— 0 — -lie — I^e — O — II 

(!) i 

A i 


Tetraferric trioxy- 
hexahydrate. ( Com - 
pact brawn iron 
are, fibrous brown 
iron ore or brown 
hematite.) 


H H 

1 1 

H H 

i i 

PeOHo 0 O 

<!) o 

PeHo, 1 1 

i j 

0 . 0 =Fe — jo - — 0— 

-Fe — Fe 

PeHo a 1 

1 

PeOrio O 

1 

0 

1 

I 

H 

1 

H 


Ferric dioxy-dihy- 
drate. (Needle f PeOHo 
iron ore , brown \ PeOHo* 
tree ore.) 
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Ferric oxy-tetra- 

hydrate. (Another f FeHo, 0 
variety of brown \ PoHo a 
iron ore,) 



Ferrous ferric te- - 
troxide. {Magnetic | 
iron ore,) 


PeO 

PeO 


Feo". 


Potassic ferrate ...... FeO a Ko a . 


O— Fe— O 
0=^o— Fe=0 


K — 0 — Fe— 0— K 

!> 


Octoferrous sulphide 


» T (Fe,)"3". 

Fe— Fe— Fe -Fe— Fe-Fe— Fe— Fe 

L S J 


Diferrous sulphide... 

(K 8 ” 

Ferrous sulphide ... 

PeS". 

Ferric disulphide. ’j 

FeS’V 

{Iron pyrites, V 
martial pyrites,) i 


Diferric trisulphide 

JFeSV 

IPeS" 8 


Fe. 

I> 

F</ 


S— Fe=3 


S 

Besl ^ ^ 6—3 


Diferric cuprous te- rPeS „ 

trssulphide. {Cop - 1 p e g(^ u i® «) ' 
porpyrUet.) 


Cu— Cu 

i I. 

S=l)e— Fe=S 
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Ferric nitrate N e 0 I3 ('Fe"' JI 0 # ) Tl . 

Hexahydric di- 'j 

ferric diphos- 1 P a Ho fl ( , Fe‘ / ' 8 Ho 8 0 4 ) it . 
pliate dihydrate. J 

Ferrous sulphate ... SOHo a Feo", 60H S . 


Dipotassic ferrous di- 
sulphate 


fSO a Ko 
\ Feo" , 
[ SO a Ko 


GOH*. 


Ferric sulphate. 
( Coquimbite .) ... 


} 


SO — | 

SO -(’Fe’" a O B ) Ti , OOHj. 
SO a — I 


Dipotassic ferric •> go. Ko-| 
tetrasulpW |o:_ t ^ 

{Potassium iron [ S(> 3 — v . 2 D/ ’ 9 

alum.) J SOjKo-l 

(Tetraferric sulphate.. B0 1 ('Fe" 4 0 7 )'', GOH*. 

Tetrahydric tetra- n 

{Vitriol ochre.) J 

Heptaferric octo- \ 

sulphide. {Mag- V Pe 7 S ,, - . 
netic pyrites.) ... J 

S S S 8 8 S 

S=Fe Fe=8 


Ferrous carbonate, 'j 
{Spathic iron l COFeo". 
ore.) J 

fwo 

\ Feo . 

NO. 


Ferrous nitrate 
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COBALT, Co. 

Atomic weight «5$*8. Molecular weight unknown , Sp.gr. 8*5. 
Atomicity ", iv , and * ? aleo a pseudo-triad. 

For evidence of the atomicity of cobalt see the following list 
of the chief compounds of this metal : — 


Cobaltous chloride . . . 

Cod,. 

Cl— Co— Cl 



Cl Cl 

1 1 

Cobaltic chloride ... j 

r coci 3 
[ CoCV 

Cl— Co — Co — Cl 

A A 

Cobaltous oxide 

CoO. 

Co— 0 

Cobaltic oxide j 

1 Co°o 

L CoO u - 

c 

1! 

o 

/9 

°si 

o 

II 

o 

CobaltouB dicobaltic 
tctroxido 

f OoOj-, 
C«0 Co ° • 

o— Co— 0 

X, — n 

Hexacobaltic hept- ) 
oxide ............ J 

Oo,O r 

0 0 O 0 o 

0— (5o ^Co \o Co ^0=0 

1 J 

Cobaltous hydrate 

CoHo a 

11— 0— Co— 0— H 


fCaOHn H— 0 O — H 

Cobaltic oiy -dihydrate { CoOHo' 0= ^ q ^ 0==Q 

Cobaltous sulphide CoS '. 

Cobaltic sulphide. ( Cobalt f CoS''g„ 

pgritee .) 1 CoS" 
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NICKEL, NL 

Atomic weight =58*8. Molecular weight unknown . Sp. gr . 8*7< 
Atomicity ", iT , and ** P « petmdo-triad. 

Annexed is a list of the names and probable constitutional 
formulas of tbe chief compounds of this metal : — 

Nickelous chloride 

N1C1,. Cl—Ni—CJ 

Nickelous oxide 

mo. 

Nickelic oxide | 

[Sno 0- 0 =^— ^ri=o 


H-0 O— H 

Nickelic hydrate 

(l«Ho- H— 0— Ni— Ni— O-II 


ir — d> A— ii 

Nickelous hydrate 

NiHo,* 

Dinickelous sulphide j 

f Ni q „ 

wr * 

Nickelous sulphide. ] 

( Capillary pyrites , l 
hair nickel.) j 

MI8". 

Nickelic disulphide 

mS' t . g=Ni=8 

Dihydric nickelous 1 
sulphate j 

SOHo,Nio", OOH,. 

Dipotassic nickelous di- 1 
sulphate j 

' SO fi Ko 

Nio" ,60H a . 

80 t Ko 

0 

1! 

K — 0—8 — 0 

II 

O 

VOL. I. 

0 

— Ni — 0 — 8 — O— K 

II 

0 

P 
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fNO 

Nickelous nitrate < Nio , 60H a . 

[NO a 

Dibydric pentanickelous / CHo(Ni"OHo), 

dicarbonate tetraliy- < Nio" , 20H a . 

drate [ CHoCNi'OHoX 


Dipotassic nickelous tri_ J 
carbonate 


^COKo 

0 

CNio", 10OH 2 
0 

ICOKo 


Nickelous diarsenide. 1 "Aa'™-.„ 

al nickel.) J ”Aa' 


( Arsenical \ 

Dinickelous diarsenide, f AaNi 
( Kupfemickel .) t AaNi 


\AO 

As— Ni 
As— Ni 


Nickelous sulpbarsenide. 

( Qrey nickel ore , nickel £<w, 
glance.) I 


Nickelous sulphantimo- 
nide. ( Antimony 

nickel glance.) 



/Ni S\ 

As As 

\S Ni/" 

/Ni S\ 

Sb Sb 

\S Ni/ 
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Lfasolute atomicity, 21. 

Lcid, arsenic, 128. 

,, arsenious, 127. 

„ boracic, 66. 

„ boric, 56. 

,, boric, monobasic, 55. 

„ boric, tribasic, 55. 

„ bromic, 91. 

„ carbonic, 60. 

„ chlorhydric, 39. 

„ chloric, 50. 

„ chlorochromic, 192. 

„ chlorous, 49. 

„ disulphodithionic, 77, 85. 

.. disuljptiuretted hyposulphuric, 

„ dithionic, 76, 84. 

.. ffraphitic, 58. 

„ Fiydriodic, 93. 

,. hydrobromic, 89. 

.. hydrochloric, 39. 

.. hydrofluoboric. 55. 

hydrofluoric, 99. 

,, hydroselenio, 86. 

„ hydrosulphuric, 72. 

.. hypobromoua, 91 . 

hypocblorous, 48. 

„ hypophosphoroua, 1 18. 

,, hyposulphuric. 84. 

hyposulphurous, 76, 77, 83. 
iodic, 95, 9G. 

,, metabismuthic, 148. 

metabismuthous, 146. 

,, meta boric, 55, 56. 

metantimonic, 139. 

,, metantimonic, of Fr6my, 140. 
,, metantimonious, 137. 

,, metaphosphoric, 119, 121. 

„ metarsenie, 128. 

„ metastannic, 109. 

„ muriatic, 39. 

„ nitric, 63. 

„ nitric, manufacture of, 63. 

.. nitrous, 63, 65. 

orthantimonic, 139. 

„ orthobismuthous, 147. 

,, orthoborie, 56. 

„ parantimonic, 139. 
pentathionic 77, 85. 


Acid, perchloric, 51. 
perchromic, 191. 

,, periodic, 95, 98. 

„ phosphoric, 119, 122. 

„ phosphoric, dodecabasic, 119. 
„ phosphoric, hexabasic, 119. 

.. phosphorous, 118, 120. 

„ pyrantimonic, 140. 

pyrarsenic, 128. 

,, pyrophosphoric, 119, 122. 

„ selenic, 87. 

„ selenious, 87. 

„ silicic, 104. 

„ stannic, 108. 

sulpharsenic, 129. 
sulpharsenious, 129. 

„ sulphhydric, 72. 
sulphocarbonic, 75. 
sulphochromic, 191. 

.. sulplKidithionic, 77. 84. 

„ sulphuric, 76 80. 

.. sulphuric, manufacture of, 81. 
„ sulphuric, Nordhausen, 76. 

sulphurous, 76. 
tetra Muonic, 77, 85. 

.. thiosulphuric, 76, 83. 
titanic, 110. 

trisulphodithionic, 77, 85. 

„ trisulphuret ted hyposulphuric, 

85. 

„ t.rithionic, 77, 84. 

Acid salts, definition of, 13. 

Acids, anhydrous, definition of, 8, 10. 
„ definition of, 8. 

„ dibasic, definition of, 9. 

formation from anhydrides, 
44. 

„ monobasic, definition of, 9. 

„ nomenclature of, 9. 

„ polybasic, definition of, 9. 
Acids of antimony, 134. 

„ of chlorine, 48. 

„ of nitrogen, 63. 

Action, chemical, modes of. 1 
Active atomicity, 21. 

Affinity, chemical, 4. 

Agalmatolite, 181 
Alabaster, 164. 
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Albite, 182. 

Allophane, 180. 

Allotropic oxygen, 42, 

„ phosphorus, 112. 

„ rarieties of sulphur, 72. 

Alum, common, 181. 

„ manganese aluminium, 194. 

„ potassium ohrome, 191. 

„ potassium manganese, 194. 

Aluminite, 180. 

Altiminlnm, 179. 

Agalmatolite, 181. 

Albite, 182. 

Allophane, 180. 

Alum, 181. 

Alum, manganese aluminium, 

„ potassium chrome, 191. 
,, potassium manganese, 
194. 

Aluminate, dipotaseic, 180. 

„ magnesic, 180. 
Aluminic calcic disilicate, 107. 

„ calcic trisilicate, 
107. 

„ chloride, 179. 

„ hydrate, 179. 

„ manganous disilicate. 

195. 

„ manganous tetrasul- 

phate, 194. 

„ oxide, 179. 

,, oxydihydrate, 180. 

„ sulphate, 180. 

„ sulphate tetrahy- 

drate, 180. 

„ sulphide, 180. 

„ tricalcic trisilicate, 

107. 

Aluminite, 180. 

Alum-stone, 181. 

Alunite, 181. 

Analcime, 182. 

Andalusite, 181. 

Anorthite, 107. 

Atomicity of aluminium, 179. 
Buehholsite, 181. 

Ohiastolite, 181. 

Oimolite, 181. 

Oollyrite, 181. 

Compounds of aluminium, 179. 
Qyaaite, 181. 

Diaspora, 180. 


Aliuntetfiw {continued). 

Dibydric aluminic tetrarilicate, 

Dipotassic aluminate, 180. 

„ aluminic hexaattt* 
cate, 107. 

„ aluminic tetrasul- 
phate, 181. 
Emerald, 107. 

Felspar, 107. 

Fibrolite, 181. 

Gibbsite, 179. 

Groesularis, 107. 

Kaolin of Ellcnbogen, 181. 
Labrador! te, 107. 

Lepidolite, 182. 

Magnesic aluminate, 180. 
Malthacite, 182. 

Miloschine, 181. 

Orthose, 107. 

Porcelain clay, 181. 

„ clay of Paasau, 181. 
Prehnite, 180. 

Pyropbyllite, 107. 
Rasoumoffskin, 182. 

Saponite, 182. 

Sillimanite, 181. 

Spinelle, 180. 

Spodumene, 180. 

Topax, 180. 

Tnglucinic aluminic hexac&li- 
cate, 107. 

Wemerite, 181. 

Worthite, 181. 

Xenolite, 181. 

Zoisite, 180. 

Alum-stone, 181. 

| Alunite, 181. 

■ Amidogen, 28. 

' Ammonia, 61, 68. 

Ammonic chloride, 61, 68. 
salts, 69, 70. 

Aramoniocuprie carbonate, 176. 

„ sulphate, 175. 

Ammonium, 69. 

Ammonium amalgam, 70. 
Ammonoxyl, 28. 

Amorphous boron, 62. 

„ carbon, 58. 

„ phosphorus, 112. 

Analcime, 182. 

Anatase, 110. 

Andalusite, 181. 
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Anhydride, ant! moms, 136, 136. 

„ antimonious, 136. 

„ arsenic, 128. 

„ arsenious, 127. 

„ auric, 177. 

„ bismuthic, 147. 

boric, 55. 

„ carbonic, 58. 

„ chlorous, 47. 

„ chromic, 190. 

„ hypobromous, 91. 

„ hypoohlorous, 47. 

„ iodic, 95, 

„ nitric, 63, 64. 

„ nitrous, 62, 65. 

„ periodic, 95, 97. 

„ phosphoric, 118, 121. 

„ phosphorous, 118, 120. 

„ selenious, 87. 

„ silicic, 104, 106. 

„ riliroforiuic, 102. 

„ stannic, 108. 

„ sulphantimonic, 143. 

„ sulphantimonious, 141. 

„ sulpharsenic, 129, 130, 

„ sulpharsenious, 129. 

„ sulphochromic, 192. 

„ sulphuric, 76, 79. 

„ sulphurous, 76, 77. 

„ titanic, 110. 

Anhydrides, conversion into acid *,44. 
„ definition of, 8, 10. 

Anhydrous acid, definition of, 8, 10. 

Anorthite, 107. 

Antimonic chloride, 130, 134. 

„ oxytrichloride, 135. 

„ sulphide, 143. 

„ sulphotrichloride, 135. 

„ tetretho-chloride, 130. 

Antimonious amylide, 133. 

„ anhydride, 136. 

„ argentide, 132. 

„ bromide, 133, 135. 

„ chloride, 130, 133. 

,, ethide, 133. 

„ fluoride, 135. 

,, hydride, 130. 

iodide, 135. 
oxide, 136. 

„ oxy bromide, 135. 


oxychloride, 134. 
oxydisulphide, 140. 
oxyiodide, 135. 


Antimonious sulphide, 141. 

„ sincide, 133. 
Antimoniuretted hydrogen, 132. 
Antimony, 130. 

amorphous, 131. 
compound of, with oxygen 
and sulphur, 140. 
compounds of, with sul 
pour, 141. 
copper glance, 142. 
crystalline, 131. 
oxides and acids of, 136. 
red, 140. 

| Antimony ore, grey, 141. 

I Apatite, 123. 
j Aquafortis, 63. 

! Are, 33. 

' Argentic compounds (see Silver). 

, Arsenic, 124. 

,. compounds ot, with oxygen 
and hydroxyl, 127. 

„ compounds of, with sulphur 
i and hydrosulphyl, 129. 

„ white, 127 . 

Arsenic sulphide, 129, 130. 

J Arsenious chloride, 124, 126. 

J „ hydride, 125. 

sulphide, 129. 

Arseuiuretted hydrogen, 125. 
Artiads, definition of, lit. 

; Atomic combination, 30. 

| „ weight, 2. 

! ,, weights, table of, 6. 

Atomicity, absolute, 21. 

„ active, 21. 

,, apparent variation of, 20. 

„ latent, 21. 

,, law of variation of, 21. 

Atomicity marks, 19. 
j „ of elements, 17. 

1 Atoms, 2. 

! Auric compounds (see Gold). 

; Aurou* compounds (see Gold). 

| Axote, 61. 

j Ax u rite, 176. ^ 

! Baric carbonate, 161. 

' „ chloride, 159. 

j „ dihydric disulphate, 163. 

„ hydrate, 159, 162. 

< .. nitrate, 161, 

1 oxide, 159, 160. 

peroxide, 160, 161. 
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Baric sulphate, 161. 

Barium, 159. 

„ compound of, with hydrox- 
yl, 162. 

, , compounds of, with oxygen. 

Baryta, 160. 

„ caustic, 163. 

Bases, definition of, 11. 

„ organic, periodides of, 31. 

„ systematic and irregular 
names of, 11. 

Basic salts, definition of, 13. 
Berthierite, 142. 

Binary compounds, 7. 

Bismuth, 144. 

„ compound of, with chlo- 
rine, 144. 

„ compounds of, with oxy- 
gen and hydroxyl, 145. 

„ compounds of, with sul- 
phur, 149. 

,, glance. 149. 

ochre, 140. 

„ telluric, 150. 

Bismuthous bromide, 145. 

„ chloride, 144. 

„ dichlorethide, 144. 

„ ditelluro-sulphide, 150. 

„ ethide, 144. 

„ fluoride, 145. 

iodide, 145. 

,. nitrate, 146. 

,, nitrate dihydrate. 140. 

oxide, 140. 

,, oxybromide, 145. 

„ oxychloride, 1 45. 

„ oxyhydrate, 146. 

„ oxyiodide, 145. 

sulphide, 149. 

Bismuthylic carbonate, 140. 
Bleaching- powder. 49, 165. 

Blende, manganese, 194. 

Blue oopper, 175. 

„ malachite, 176. 

Bonds, definition of. 18. 

„ nature of, 25. 

Bone-ash, 111. 

Boraotte, 56. 

Borates. 56. 

Borax, 56. 

Boric bromide. 54. 
r chloride. 54. 


Boric ethide, 52. 

„ fluoride, 54. 

„ nitride, 57. 

„ sulphide, 57. 

Boron, 52. 

„ amorphous, 52. 

„ diamond, 53. 

„ compounds of, with oxygen 
and hydroxyl, 55. 
Boulangerite, 142, 

Bourn onite, 142. 

Bracket, use of, 16. 

Braunite, 193. 

Brochantite, 175. 

Bromates, 92. 

Bromine, 88. 

„ compounds of, with oxygen 
and hydroxyl, 90. 
Bromine hydrate, 89. 

Brookite, 110. 

Brown haematite, 196. 

,, iron ore, compact, 196. 

,. „ fibrous, 196. 

Brucite, 166. 

Buchholxite, 181. 


1 


I 


Oadmio chloride, 170. 

„ hydrate, 171. 

„ oxide, 171. 

„ sulphate, 171. 

Cadmium. 170. 

Oawium, 158. 

Calamine, 168, 170. 

,. electric, 168. 

Calc spar, 164. 

Calcic carbonate, 164. 
chloride, 164. 

„ ch lorohypoch lori te, 165. 
dioarbonate, dihydric, 165. 
fluoride, 164. 

„ hydrate, 164. 

,, magnesio dicarbonate, 165. 
„ magnesio disilioate, 106. 

„ metaphosphate, 111. 

.. oxide, 164. 

„ oxysulnhide, 157. 

peroxide, 164. 

,. phosphate, 164. 
phosphide, 114. 
tetranydric sulphate, 164. 

Calcium, 164. 

Capacity, measures of, 33. 

Capillary pyrites, 201. 
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Carbon, 58. 

„ amorphous, 58. 

„ compounds of, with oxygen. 

„ varieties of, 58. 

Carbonates, 60. 

Carbonic disulphide, 74. 

„ oxide, 60. 

„ oxydichloride, 61. 

„ tetrachloride, 58. 

Caustic baryta, 162. 

„ potash, 152. 

Celestine, 168. 

Cervantite, 188. 

Chalcedony, 106. 

Chalk, 164. 

Chemical action, inodes of, 1. 

„ affinity, 4. 

equations, 15. 

,, notation, 14. 

Chemistry, definition of, 1. 
Chiastolite, 181. 

Chlorates, preparation of, 50. 
Chlorhydric acid, 89. 

Chlorides, 40. 

Chlorine, 38. 

„ compounds of, with oxy- 

S en and hydroxyl, 46. 
es of. 46. 

Chloroform, silicon, 102. 
Ohloronitrie gas, 68. 

Chloronitrous gas, 67. 

Chloropal, 107. 

Chloropernitric gas, 68. 

Chrome alum, potassium, 191. 

„ iron ore, 190. 

Chromium, 189. 

Chlorochrotnic acid, 192. 
Chrome iron ore, 190. 

Chromic anhydride, 190. 

.. chloride, 189. 

„ dichlorodioxide, 192. 

„ dioxide, 190. 

,, hydrate, 191. 

„ nitrate, 191. 

,, oxide, 189. 

„ perfluoride, 189. 

„ sulphate, 191. 

• Chromium, atomicity of, 189. 

,, compounds of, 189. 

Chromous chloride, 189. 

V, dichromic tetroxide, 

*190. 


Chromium (amrtaasrf). 

| Chroinousdipotassic disulpha tc, 

„ hydrate, 189. 

„ oxide, 189. 

,, sulphide, 192. 
Crocoisite, 191. 

Dichromic ferrous tetroxide, 

190. 

„ trisulphide, 192. 
Dihydric sulphate chromate, 

191. 

Diplumbic chromate, 188. 
Dipotasaio chromnte, 190. 

„ chromic sulphate, 
191. 

„ chromousdisulphate, 
191. 

„ dichromate, 190. 

( „ trichromate, 190. 

j Normal potassic chromate, Ilk). 

Octochromie carbonate dihy- 
| drate, 191. 

, Perchromic acid, 191. 

Plumbic chromate, 191. 
Potassic bichromate, 190. 

I „ chloroohromate, 192. 

: „ terchroinate, 190. 

Potassium chrome alum, 191. 

| Red lead ore, 191. 

Sulphoohromic acid, 191. 
j „ anhydride, 192. 

| Tetrapotassic dichromosul- 

j phate, 191. 

j Triplumbic dichromate, 188. 

! Cimolite, 181. 
j Cinnabar, 172. 

1 Classification of elements, 81. 

1 Clay, porcelain, 181. 

„ porcelain, of Passau, 181. 
Cobalt, 199. 

Atomicity of cobalt, 199. 

Cobalt pyrites, 199. 

Cobaltic chloride, 199. 

„ disulphide, 200. 

! „ oxide, 199. 

„ oxydihydrate, 199. 
sulphide, 199. 

Oubaltoso-diammon-diainmonic 
dichloride, 200. 

Cobalt ous chloride, 199. 

„ dicohaltic tetroxide, 

199. 
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Cob&lt 


Alt (continued). 

Cobaltoofl dihydric sulphate, 


dipotaasie dioarbo- 
nate, 200. 


di]g)tMacdisulphate, 


„ hydrate, 199. 

' „ nitrate, 200. 

„ oxide, 199. 

„ sulphide, 199. 

Compounds of oobalt, 199. 

Dioobaltic hex&mmon - hexain- 
mouio hexachlo- 
ride, 200. 

„ tetramraon-hexam- 
monic hexachlo- 
ride, 200. 

Dioobaltous carbonate dihy- 
drate, 200. 

„ oxysulphide, 200. 

Dihydric cobaltous sulphate, 
200 . 


,, pentaoobaltous di- 

oarbonate tetra- 
hydrate, 200. 

Dipotassic oobaltoua dioarbo- 
nate, 200. 

„ oobaltous disulphate, 

200 . 

llexaoobaltic heptoxide, 199. 
Luteo-oobalt chloride, 200. 
Purpureo-cobalt chloride, 200. 
Roseo-oobalt chloride, 200. 
Collyrite, 181. 

Oombinatio]), atomic, SO. 

„ molecular, 30. 
Combining proportions, 2. 

Common soaic jphosphate, 123. 
Compound of nitrogen with chlorine, 

„ of nitrogen with iodine 
and hydrogen, 71. 
Compound radicals, 25. 

„ radioals, chief inorganic, 
list of, 28. 

„ radicals, definition of, 27 . 
radioals, dyad; 27. 
radicals, monad, 27. 
radioals* symbols of, 28. 
radioals, triad, 27. 
substances, 1. 
0oni]M)uiids, 1 ; binary, 7. 


Compounds of boron with < 

and hydroxyl, 66 ” 

„ of carbon with oxygen, 

69. 

of chlorine with oxygen 
and hydroxyl, 45. 

„ of nitrogen with chh>> 

rine and oxygen, 57. 

„ of nitrogen with hydro- 

gen, 68. 

„ of nitrogen with oxygen 

and hydroxyl, 62. 

„ of sulphur with positive 

elements, 72. 
Constitutional formulae, 17* 
Copper, 174. 

Ammoniocaprie carbonate, 176. 
„ sulphate, 176. 

Atomicity of copper, 174. 

Asurite, 176. 

Blue copper, 176. 

„ malachite, 176. 

Brochantite, 175. 

Compounds of copper, 174. 

Copper azure, 176. 

„ glance, 174. 

„ pyrites, 197. 

Cupric chloride, 174. 

„ hydrate, 174. 

nitrate, 175. 

„ oxide, 174. 

„ phosphide, 1 13. 

„ sulphide, 175. 

„ sulphohydrate, 175. 

Ouprodiammonic carbonate, 176. 

Cuprous ohloride, 174. 

„ hydrate, 174. 

,, hydride, 174. 
oxide, 174. 

„ quadrantoxide, 174. 

„ sulphide, 174. 

Dicupric oaroonate, 175. 

„ carbonate dibydrate, 
176. 

Di ferric cuprous tetrasulphide, 

Dihydric cupric sulphate, 175. 

• „ diammonic ouprodi- 

ammonic sulphate. 175. 
„ tetracupric sulphate 
tetiabydrate, 175. 

„ tricupric dicarbonate. 
176. 
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(to«r (oontinmdy 

Dioptase, 176. 

Dijtotasaie euprio disulphate, 

Hydrio oujxric silicate hydrate, 

,, pentacuprio sulphate 
pentanydr&te, 1/5. 

„ triouprio sulphate tri- 
hydrate, 175. 

Indigo copper, 175. 

Malachite, 176. 

Mountain-blue, 176. 

Mysorin, 175. 

Bed copper ore, 174. 

Ruby ore, 174. 

Ooquimbite, 198. 

Cream of tartar, 137, 150. 

Orith, 34. 

„ use of the, 35. 

Crocoisite, 191. 

Crystallisation, water of, 30, 44. 
Cubic foot, 33. 

Cupric compounds (see Copper). 
Cuprous compounds (see Ooppc 
Cyanite, 181. 


opper). 


Dark-red silver, 142. 

Definition of acids, 8. 

„ odd salts, 13. 

„ anhydrides, 8. 10. 

„ anhydrous acids, 8, 10. 

„ artiads, 19. 

„ bases, 11. 

„ basic salts, 13. 

„ chemistry, 1. 

„ compound radicals, 27. 

dibasic acids, 9. 

„ dyads, 18. 

„ haloid salts, 12. 

„ hezads, 18. 

„ hydrates, 11. 

,. monads, 18. 

„ monobasic adds, 9. 

„ neutral salts, 12. 

„ normal salts, 12. 

„ oxysalts, 12. 

„ pentads, 18. 

„ perissads, 19. 

polybasic adds, 9. 
salts. 12. 
sulpho-selte, 12. 
tetrads, 18. 


Definition of triads, 18. 

Diamide, triinercurio, 173. 

Diamond, 59. 

Diamond boron, 53. 

Diarsenious disulphide, 129. 

Diaspore, 180. 

Diatomic molecules, 3, 19. 

Dibasic adds, definition of, 9. 

Dibismuthic tetroxide, 146. 

Dibismuthous dioxide, 145. 

„ disulphide, 149. 

,, tetrachloride, 145. 

Dicadmir sulphate dihydrate, 171. 

Dicalde carbonate dihydrate, 164. 

Dichlorethide, bismuthous, 144. 

Digluciuic silicate, 106. 

Diopside, 106. 

Dioptase, 176. 

Disilinc hydrotrioxide, 102. 

Dinodic disulnhate, 80. 

Displaceable hydrogen, 9. 

Disulphide, dibismuthous, 149. 

Ditelluro-sulphide, bismuthous, 150. 

Dithionates, 84. 

Dititanic dinitride, 110. 

„ hexaohloride, 110. 

Dodecasodic decaphosphate, 1 19. 

Dolomite. 165. 

Dyad compound radicals, 27. 

„ elements, 40, 159. 

Dyads, definition of, 18. 

„ list of, 32. 

Elect ric calamine, 168. 

Electro-negative elements, 4. 

„ positive elements, 4. 

Elementary molecule, 2. 

Elements, 1. 

„ atomicity of, 17. 

„ classification of, 31. 

„ dyad, 40, 159. 

,, electro-negative, 4. 

„ electro-positive, 4. 

„ hexad, tl, 189. 

„ monad, 36, 150. 

„ names of, 6, 7. 

„ negative, 4. 

,, pentad, 61, 111. 

„ positive, 4. 

table of, 6. 
tetrad, 58, 179. 

„ triad, 52, 177. 

Ellenbogen, kaolin of, 181. 
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Embolite, 158. 

Emerald, 107. 

Emetic tartar, 137. 

Empirical formulae, 17. 

Enstatite, 106. 

Equations, chemical, 15. 

Ethide, antimonious, 133. 

,, boric, 52. 

„ bismuthous, 124. 

Fahl ore, 142. 

Feather ore, 142. 

Felspar, 107. 

Feme compounds (see Iron). 

Ferrous compounds (see Iron). 

Fibrolite, 181. 

Fibrous brown iron ore, 196. 

Flint, 106. 

Fluoride, antimonious, 135. 

„ bismuthous, 145. 

„ boric, 54. 

„ silicic, 103. 

Fluorine, 98. 

„ compound of, with hydro- 

gen, 99. 

Foot, 33. 

„ cubic, 33. 

Footpound, 34. 

Formula, 14. 

„ constitutional, 17. 

„ empirical, 17. 

„ graphic, meaning of, 25. 

„ rational, 17. 

statical and dynamical, 25. 

Fowler's solution, 127. 

Franoolite, 123. 

Galena, 186. 

Gallon, 33. 

Gas, ohloronitric, 68. 

„ chloronitrous, 67. 

„ cliloropemitrio, 68. 

., laughing, 66. 

„ phosgene, 61. 

Gaseous phosphoretted hydrogen, 

112 . 

Gibbsite. 179. 

Glance, bismuth, 149. 

„ iron, 196. 

„ nickel, 202. 
silTer. 158. 

Gold, 177. 

Atomicity of gold. 177. 


Gold (continued). 

Auric anhydride, 177. 

„ chloride, 177. 

„ iodide, 177. 

„ oxide, 177. 

„ sulphide, 177. 

Aurous chloride, 177. 

„ iodide, 178. 

„ oxide, 177. 

„ sulphide, 177. 
Compounds of gold, 177. 
Potassic aurate, 177. 

Grain, 34. 

Gramme, 34. 

Graphict formula, meaning of, 25. 

„ notation, 23. 

Graphite, 58. 

Graphitic acid, 68. 

Green salt of Magnus, 183. 
Greenockite, 170. 

Grey antimony ore, 141. 

., nickel ore, 202. 

Grossularia, 107. 

Guanite, 167. 
j Gypsum, 164. 

! Hasmatite, brown, 196. 

„ red, 196. 

Ilair nickel, 201. 

Haloid salts, definition of, 12. 
Hartman gan, 193. 

Huusmannite, 193. 

Heavy spar, 160. 

II el vine, 195. 

Hepar sulphuris, 155. 

Heterocline, 195. 

Ilexad elements, 71, 189. 

Hexods, definition of, 18. 

„ list of, 32. 

Hexasodic tetraphosphate, 119. 
Hexatomic molecules, 3. 
Horn-mercury. 171. 

„ silver, 158. 

Hydrate, argentic, 159. 

„ baric, 162. 

I oadmic, 171. 

I ,. calcic, 164. 

| magnesic, 166. 

1 potassic, 152. 

! sodic, 156. 

strontic. 168. 
rincic. 169. 

Hydrates, 44. 
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Hydrates, definition of, 11. 

Hydric oxide, 44. 

„ peroxide, 45. 

persulphide, 74. 

„ sulphate, 76. 

Hydride, antimonious, 132. 

„ cuprous, 174. 
siheic, 101. 

Hydrochloric acid, 30. 
Hydrodiniodide, nitrous, 71. 
Hydrogen, 36. 

„ compounds of, with ni- 

trogen, 68. 

„ displaceable, 9. 

,. sulphuretted, 72. 

Hydrosulphate, hyposulphurous, 74. 
Hydrosulphyl, 28, 74. 
Hydrotrichloride, silicic. 102. 
Hydrotrioxide, disilicic, 102. 
Hydroxyl, 28. 45. 

Hyperoxide, chloric, 46. 
Hypochlorites, 49. 

Hypochlorous anhydride, 47. 
Hyposulphites, 83. 

Hyposulphurous hydrosulphate, 74. 

Indigo copper, 175. 

Inorganic compound radicals, chief, 
list of, 28. 

Iodates, 97. 

Iodide, antimonious, 135. 

„ bismuthous, 145. 

„ phosphonic. 111, 113. 

Iodine, 92. 

„ compounds of, with oxygon 
and hydroxyl, 95. 

Upon, 195. 

Atomicity of iron, 195. 

Brown haematite, 196. 

„ iron ore, 196. 

Chrome iron ore, 190. 

Compact brown iron ore, 196. 
Compounds of iron, 196. 

Copper pyrites, 197. 

Coauimbite, 198. 

Dichromic ferrous tetroxide, } 
190. 

Di ferric cuprous tetrasulphide. J 

„ trisulphide. 197. 
Diferrous sulphide, 197. 
Dipotassic ferric sulphate, 198. 

ferrous di sul phnte, 198, 


Iron (continued). 

Ferric ohloride, 196. 

,. dioxvdihydrate, 196. 

„• disulphide, 197. 

„ hydrate, 196. 

nitrate, 198. 

.. oxide, 190. 

„ oxy-tetrahydrate, 197. 

sulphate, 198. 

„ trisilicate, 107. 

Ferrous carbonate, 198. 

„ chloride. 195. 

,, diohromio tetroxide, 

190. 

,. ferric tetroxide, 197. 

,. dipotassic disulphatc. 

.. hydrate, 196. 

„ nitrate, 198. 

„ oxide, 196. 

,, sulphate, 198. 

„ sulphide, 197. 

Ileptaferric octosulphide, 198. 

Hexahydric diferrie diphon- 
phate dihydrate, 198. 

Iron, micaoenu*, 196. 

„ specular, 196. 

Iron alum, potassium, 198. 

„ glnnoc, 190. 

„ ore, brown, 196. 

„ ore, compact brown, 196. 

„ ore, fibrous brown, 196. 

„ ore, magnetic, 197. 

„ ore, needle, 196. 

„ ore, spathic, 198. 

„ pyrites, 197. 

Magnetic iron ore, 197. 

„ pyrites, 198. 

Martial pyrites, 197. 

Micaceous iron, 196. 

Needle iron ore, 196. 

Octoferrous sulphide, 197. 

Oligist, 196. 

Potassic ferrate, 197. 

Potassium iron alum, 198. 

Red hccmatite, 196. 

Bpathic iron ore, 198. 

Specular iron, 196. 

Tetraferric sulphate, 198. 

t rioxybexahydrate, 
196. 

Tetrahydric tetraferric sulphate 
nctnhydrate, 198. 
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Iron (continued). 

Trifer ric tetroxide, 197. 
Vitriol ochre, 198. 
Irregular names, 8, 11. 

,, names of bases, 11. 

Kaolin of EUenbogen, 181. 
KobeUite, 149. 

Kupfernickel, 202. 

Labradorite, 107. 

Lanarkite, 188. 

Latent atomicity, 21. 


Laughing ga 
Law of vonu 


Basic hyponitrate of lead, 187. 
Grooaisite, 191. 

Dihydrio diplumbic nitrate hy- 
drate, 186. 

„ diplumbic nitrate ni- 

trite, 187. 

„ triplumbic dicarbo- 

nate, 187. 

Diplumbic chromate, 188. 

„ dihydrate carbonate. 

Yorke’s, 187. 

„ nitrite hydrate, 180. 

„ oxychlorobydrate, 

185. 

„ oxydichloride, 185. 

„ oxydihydrnte, 185. 

„ sulphate carbonate, 

188. 

,, sulphodichloride, 

186. 

„ trioxide, 185. 

Dipotassio plumbate, 188. 
Galena, 186. 

Hydrio plumbic nitrate, 186. 
Lanarkite, 188. 

Lead, atomicity of, 184. 

„ compounds of, 184. 

„ spar, 187. 

„ vitriol, 186. 

Leadhillite, 188. 

Litharge, 184. 

Matlockite, 185. 

Mendipite, 186. 

Ootopiumbio heptoxydichloride, 

Plattnerite, 184. 

Plumbic carbonate, 187. 
chloride, 184. 


Lead (continued). 

Rlumbic chlorohydrate, 185. 

„ chromate, 191. 

„ hydrate, 185. 

„ nitrate, 187. 

„ nitrite, 186. 

„ nitrite hydrate, 186. 

„ oxide, 184. 

„ peroxide, 184. 

„ sulphate, 186. 

„ sulphide, 186. 

Plumbous oxide, 184. 

Red lead, 185. 

Red lead ore, 191. 

Tetraplumbic pentoxide, 185. 

„ trioarbonate sul- 
phate, 188. 
Triplumbic diohromate, 188. 

„ dihydrate dioarbo- 

nate, 187. 

„ oxydiohloride, 186. 

„ tetroxide, 185. 

White lead, 187. 

„ lead ore, 187. 

Lead, bosio hyponitrate of, 187. 

„ red, 185. 

,. white, 187. 

Lead ore, red, 191. 

„ ore, white, 187. 

„ spar, 187. 

,, vitriol, 186. 

Leadhillite, 188. 

Length, measures of, 33. 

Lepidolite, 182. 

Letters, thick, use of, 16. 

Lime, chloride of, 49, 165. 
slaked, 164. 

Liquid phosphoretted hydrogen, 112, 
114. 

List of dyads, 32. 

„ hexads, 32. 

„ monads, 32. 

,, pentads, 32. 

„ tetrads, 32. 

triads, 32. 

Litharge, 184. 

Lithia, 157. 

Lithic chloride, 157. 

„ hydrate, 157. 

Lithium, 157. 

Litre, 33. 

Liver of sulphur, 145. 

Luteo-cobalt chloride, 200. 
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Magnesia, 166. 

Magnesia alba, 167. 

Magneeie alumina te [Spinel 
„ carbonate, 167. 

„ chloride, 165. 

„ hydrate, 166. 

„ oxide, 165. 

„ sulphate, 166. 

Magnesite, 167. 

Magnesium, 165. 

Magnetic iron ore, 197. 

„ pyrites, 198. 

Magnus, green salt of, 183. 

Malachite, 176. 

„ blue, 176. 

Malthaoite, 182. 


Mmibiw 

Alurai 


Luminic manganous disilicate, 
195. 


„ manganous tetrasul- 
phate, 194. 

Atomicity of manganese, 192. 
Braunite, 193. 

Compounds of manganese. 192. 
Dihvdrio dimanganous silicate 
dihydrate, 195. 

„ manganous sulphate, 

Dimanganic dioxydihydrate, 
193. 


„ hexachloride, 192. 

„ trioxide, 193. 

„ trisulphate, 194. 
Dimanganous silicate, 195. 
Dipotassic dimanganic tetrasul- 
phate, 194. 

Dipotassic manganate, 193. 

„ manganous disul - 
phate, 194. 

„ permanganate, 194. 

Disulphopotassic trimanganous 
disulphide, 194. 
Hartmangan, 193. 
Hausmannite, 193. 

Helrine, 195. 

Heterocline, 195. 
Hexamanganic monosilicate, 
195. 

Hydric manganous phosphate, 
195. 

Manganew, riliciferous, 195. 
Manganese aluminium alum, 


MiniiMte (continued). 
Manganese blende, 194. 

„ potassium alum, 

194. 

„ spar, 194. 

Manganic chloride, 192. 
oxide, 193. 

„ perfluoride, 192. 
Manganite, 193. 

Manganous aluminic disilioate, 
195. 

,. aluminic tetrasul- 

phate, 194. 

.. carbonate. 194. 

„ chloride, 192. 

,, dihydric sulphate, 

im. 

., dimanganic tet r ox- 

ide, 193. 

„ dimanganic trtrox- 

ide dihydrate, 193. 
,, dipotassic distil- 

phate, 194. 

„ hydrate, 193. 

„ hydric phosphate. 

195. 

„ oxide, 193. 

„ siliontc, 195. 

„ sulphide, 194. 

Potassium manganese alum, 
194. 


Prilomelane, 193. 

Pyrolusite, 193. 

Red manganese, 195. 
Rothbraunsteiners, 195. 
Bother Mangankiesel, 195. 
Siliciferotts manganese, 195. 
Sch warier Mangankiesel, 195. 
Tephroite, 195. 

Trtglucinic tetramanganous tri 
silicate sulphide, 195. 
Varricite, 193. 

Manganese aluminium alum, 194. 

„ blende, 194. 

„ potassium alum, 194. 

,, red, 195. 

„ spar, 194. 

Manganite, 193. 

Manufacture of nitric acid, 63, 
Marble, 164. 

Marks of atomicity, 18. 

Martial pyrites, 197. 

Matlockite. 185. 
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Measures, weights and, 32. 

Measures of capacity, 33. 

„ length, 33. 

„ surface, 33. 

„ weight, 34. 

Meerschaum, 107. 

Mendipite, 183. 

Mercury, 171. 

Cinnabar, 172. 

Dihydric trimercuric dinitrate, 
173. 

Dimercurous dinitrate, 172. 
Hexahydrio trimercurous tetra- 
nitrate, 173. 

Horn-mercury, 171. 

Mercurous tetrahydric dini- 
trate, 172. 

Mercurammonic chloride, 173. 
Mercurio chloride, 171. 

„ oxide, 172. 

„ sulphate, 172. 

„ sulphide, 172- 

Merourosodianinionic dichlo- 
ride, 173. 

Mercurosomercuro-diaimnonic 
dichloride, 173. 

Mercurous chloride, 171. 

„ dimercuricdinitrate. 

173. 

„ oxide, 171. 

,. sulphate. 172. 

sulphide, 172. 

Tetrahydric dimerourie dini- 

trate, 173. 

„ mercuric dini- 

trate, 173. 

„ mercurous dini- 

trate, 172. 

Tetraraercuric carbonate. 173. 
Trimercuric carbonate, 173. 

„ diamide, 173. 

., sulphate, 172. 

Turpeth mineral, 172. 
Vermilion. 172. 


Metasulphantimonite, sulphocu- 1 
proas, 142. 

„ sulphofer- 

rous, 142. 
„ sulphoplum- 

bic, 142. 

Metasulphantimonites, 142. 

Metre, 33. 

Metrekilogramme, 34. 

Miargyrite, 142. 

Micaceous iron, 196. 

Miloschine, 181. 

Modes of chemical action, 1. 
Molecular combination, 30. 

„ formulae, 17. 

„ union, 30. 

„ volume, 2. 

„ volumes, table of, 3. 

„ weight, 2. 

Molecules, 2. 

„ diatomic, 3, 19. 

! „ elementary, 2. 

j „ hexatoraic, 3. 

monatomic, 3, 19. 
tetratomic, 3. 

1 „ triatomic, 3, 19. 

' Monad compound radicals, 27. 

• „ elements, 30, IfiO. 

; Monads, definition of, 18. 

i „ list of, 32. 

Monatomic molecules, 3. 19. 

! Monobasic acid, definition of, 9. 

, „ boric acid, 

; Monomagnesic silicate, 100. 
i Mountain-blue, 170. 
i Muriatic acid, 39. 
j Mysorin, 173. 

Names, irregular, 8, 11. 

, „ systematic, 8, 11. 

j „ trivial, 8, 11. 

i Names of bases, systematic and irre 
j gnlar, 11. 

; Names of elements, 6, 7. 


White precipitate, 173. 
Metaborie acid, A 5. 

Metalloids, 6. 

„ names of, 0. 

Metals, 6. 

Metaphosphates, 121. 

Metastannio add, 109. 
Metasulphantimonite, sulph argentic. 
142. 


Needle iron ore, 196. 

,, ore, 149. 

Negative elements, 4. 

Nickel, 201. 

Antimony nickel glance, 202. 
i Arsenical nickel, 202. 

Capillary pyrites, 201. 
Dinydrie nickelous sulphate 

2fa. 
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Nickel (continued). 

Dihydric pentanickeloua dicar- 
bonate tetrahydrate, 202. 
Dinickelous diarsenide, 202. 

„ sulphide, 201. 
DipOtassicniokelous disulphate. 
201. 

„ nickelous tricarbo- 

nate, 202. 

GTey nickel ore, 202. 

Hair nickel, 201. 

Kupfernickel, 202. 

Nickel glance, 202. 

Nickelic disulphide, 201. 

„ hydrate, 201. 

„ oxide, 201. 

Nickelous chloride, 201. 

,, diarsenide, 202. 

„ dihydric sulphate, 

201 . 

,. dinitrate, 202. 

,, dipotassic disulphate, 

201. 

.. dipotassio tricarbo- 

nnte, 202. 
hydrate, 201 . 
oxide, 201. 
sulphantimonide. 

202 

., sulphide, 201. 

., sulpharsenide, 202. 

Nitrates, 04. 

Nitric oxide, 02. 00. 

,, peroxide, 07. 

Nitride, boric, 5 7. 

Nitrites, 05. 

Nitrogen, 01. 

., compound of, with chlo- 

rine, 70. 

.. compound of, with hydro- 

gen and iodine. 71. 
compounds of, with chlo- 
rine and oxygen, 07. 
oompounds of, with hydro- : 

gen, 08. ! 

compounds of, with oxygen ! 

and hydroxyl, 02. j 

Nitrous chloride, 70. 

„ hydrodiniodide. 71. 

„ oxide, 62, 66. i 

Noble serpentine, 100. 

Nomenclature, 5. 

Nomenclature of acids. 0. 


Non-metals, 0. 

.. names of, 0. 

Normal salts, 12. 

Notation, 14. 

„ chemical, 14. 

,. graphic, 23. 

„ symbolic, 14. 

Ochre, bismuth, 146. 

,, vitriol, 198. 

Okenite, 100. 

Oligist, 190. 

Opal, 100. 

Ophite, 100. 

Organic bases, period ides of, 31. 
Orthoee, 107. 

Orthosulphantimonites, 142. 

Ounce, 34. 

Oxacids of nitrogen, 03. 

Oxide, ant imouious, 130. 

., bismut hie, 147. 

bimnuthous, 144, 145. 140. 
carbonic, 60. 
chloric, 40. 

„ hydric, 44. 

.. hypochlorous, 40. 

,. nitric, 02, 06. 

,. nitrous. 62, 66. 
pyrugrnphitic, 59. 

Oxides of antimony, 130. 

.. of chloriue, 40. 

„ of nitrogen, 02. 

Oxygen, 40. 

,, allotropic, 42. 

Oxygen compounds of carbon. 59. 
Oxy salts, definition of, 12. 

Oxone, 42. 

Possau, porcelain clay of, 181. 
Pentad elements, 01, 111. 

Pentads, 32. 

„ definition of, 18. 

Peridot®, 100. 

Periodates, 98. 

Perissads, 19. 

Petalite, 180. 

Phenacite, 100. 

Phosgene gas, 01 . 

Phosphate, triple, 123. 

Phosphates, 123. 

Phosphonic iodide. 111, 113. 
Phosphoretted hydrogen, gaseous, 
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Phosphoretted hyd 


Irogen, lit 
112, 114. 


„ hydrogen, solid, 

112, 114. 

Phosphoric chloride, 111, 115. 

„ oxytrichloride, 116. 

„ sulphotriohloride, 117. 
Phosphorite, 164. 

Phosphorous trichloride, 111, 115. 

„ trihydride, 111. 
Phosphorus, 111. 

„ allotropie, 112. 

„ amorphous, 112. 

„ compounds of, with 
oxygen and hydroxyl, 
118. 

„ manufacture of, 111. 

„ red, 112. 

Platinum, 182. 

Green salt of Magnus, 183. 
Platinio chloride, 183. 

„ hydrate, 183. 

„ oxide, 183. 

„ sulphide, 184. 
Platinoflo-diammonic dichlo- 
ride, 183. 

Platinous chloride, 183. 

„ hydrate, 183. 

„ oxide, 183. 

„ sulphide, 184. 

Platinum, atomioity of, 182. 

„ compounds of. 183. 

Platoso-diammonio oxide, 184. 
Platoso-diammon diammonium 
dihydrate, 183. 

White oompound of Reiset, 183. 
Plattnerite, 184. 

Plumbago, 58. 

Plumbic compounds (see Lead). 
Plumbous compounds (see Lead). 
Polybosic acids, definition of, 9. 
Porcelain clay, 181. 

Porcelain day of Passau, 181. 
Positive elements, 4. 

Potash, 152. 

„ caustic, 152. 

PotaMtaxn, 150. 

Dipotassic aluminate, 180. 

„ aluminie hexasili- 

oate, 107. 

„ chromate, 190. 

, chromic tetrasul- 

phate, 191. 


PotAJHium (continued). 

Dipotassic chromous disuV 
phate, 191. 

„ oobaltous diearbo- 

9 nate, 200. 

„ oobaltous disul- 

phate, 200. 

„ cupric disulphate, 

175. 

„ dichromate, 190. 

„ disulphide, 154. 

„ feme tetrasulphate, 

198. 

„ ferrous disulphate, 

196. 

„ heptasulphide, 154. 

„ niokelousdisulphate. 

201 . 

„ nickel ous tricarbo- 

nate, 202. 

„ pentasulphide, 154. 

plumbate, 188. 

„ sulphide, 154. 

„ tetrasulphide, 154. 

„ trichromate, 190. 

„ trisulphide, 154. 

Hydric potassic tartrate, 137, 
151. 

. . sodie potassic phos- 

phate, 123. 

Normal potassic chromate, 190. 
Potassic antimony lie tartrate, 
137. 

„ aurate, 177. 

„ bichromate, 190. 

carbonate, 156. 

„ ohloride, 150, 151. 

„ chlorochromate, 192. 
„ chromate, normal, 190. 

,. dioxide, 153. 

„ ferrate, 197. 

„ fluoride, 151. 

„ hydrate, 152. 

,. iodide, 152. 

„ oxide, 153. 

perchlorate, prepara- 
tion of, 51. 
peroxide, 153. 
sulphide, 150, 154. 
•ulphoearbonate, 75. 
sulphhydrate, 154, 
terchromate, 190. 
tetroxide. 153. 
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Potassium ( continued ). 

Potassium, compound of, with 
bromine, 151. 

„ compound of, with 

chlorine, 151. 
compound of, with 
fluorine, 151. 
compound of, with 
hydrosu lphy 1 . 1 54 . 
„ compound of, with 

iodine, 151. 

„ compounds of, 151 , 

„ compounds of. with 

ox 3 *gen. 153. 

„ compounds of, with 

sulphur, 154. 

Potassium chrome alum, 191. 

,, iron alum, 198. 

„ manganese alum. 194. 
Tetrapotassic dichromosul- 
phate, 191. 

Potaasoxyh 28. 

Powder, bleaching, 49, 105. 
Prehnite, 180. 

Proportion, combining, 2. 

Proustite, 130. 

Psilomelane, 193. 

Purpureo-cobalt chloride, 200. 
Pyntes, capillary, 201. 

„ cobalt., 199. 

„ copper. 197. 

„ iron, 197. 

„ magnetic, 198. 

„ martial. 197. 

Pyrographitic oxide, 59. 

Pyrolusite, 193. 

Pyromorphite, 123. 

Pyrophosphates, 122. 

Pyrophyllite. 107. 
Pyrosulphantiinowites. 142. 

Quadrantoxide, cuprous, 174. 

Quarts, 100. 

Quicklime, 104. 

Radicals, compound, 20. 

compound, chief inorganic^ 

list of, 28. 

„ compound, chief inorganic, 

symbols of, 28. 

„ compound, definition of, 27. 

„ compound, dyad, 27. 

„ compound, monad, 27 

VOL. I. 


Radicals, compound, triad, 27. 

„ simple, 20. 

Rational foruiulce, 17. 
RazoumoAskin, 182. 

Realgar, 129. 

Red antimony, 140. 
copper ore, 174. 

„ lucumtite. 190. 

lead, 185. 

„ lead ore, 101. 

„ manganese, 195. 

„ phosphorus, 1 12. 

„ silver ore, 158. 
tine, 108. 

Reiset, white compound of, 183. 
Rock-crystal, 100. 

Roseo-oobalt chloride, 200. 
Rnthbraunstcinerz. 195. 

Rother Mangankiesel, 195. 
Rubidium, lo8. 

Ruby ore, 174. 
j Rutile, 110. 

! Salt cake, 157. 

Salts, acid, definition of, 13. 
amnionic, 09. 
basic, definition of, 13. 
definition of, 12. 
haloid, definition of, 12. 
neutral, definition of, 12. 
normal, definition of, 12. 

,, oxy-, definition of, 12. 
sulpho-, definition of, 12. 

, Sand, 100. 

| Simon it o, 182. 
i Scheele’s green, 127. 

Sehwajzer Mangankiesel, 195. 
Schweinfurt. green, 128. 

Selenite, 104. 

Selenium, 80. 

„ chlorides of, 80, 

Selenium, compound* of, with oxy- 
gen and hydroxyl, 87. 
Scleniurettrd hydrogen, 80. 
Henarraontite, 130. 

' Serpentine, 107. 

noble, 100. 

Signs, use of, 15. 
j Silicates, 100. 

1 Aluminio calcic disilicate, 107. 

calcic trisilicate, 107. 
tricalcic trisilicate, 
107. 
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Silicates ( continued ). 

Anorthite, 107. 

Calcic magnetic disilicate, 
106. ^ 

Chloropal, 107. 

Diglucinic silicate, 106. 
Dinydric aluminic tetrasilicate, 

107. 

„ trimagnesic disilicate. 
107. 

Dimagnesic silicate, 106. 
Diopade, 106. 

Dioptase, 176. 

Di)>otaesic aluminic hexaeilicate, 

Dicincic silicate, 107. 

Emerald, 107. 

Enstatite, 106. 

Felspar, 107. 

Feme trisilicate, 107. 
Grossularia, 107. 

Hydric cupric silicate hydrate. 

176. 

Labradorite, 107. 

Meerschaum, 107. 
Monomagnesio silicate, 106. 
Noble serpentine, 106. 

Okenite, 106. 

Ophite, 106. 

Orthose, 107. 

Peridote, 106. 

Phenacite, 106. 

Pyrophyllite, 107. 

Serpentine, 107. 

Sodic silicate, Yorke’s, 106. 
Steatite, 107. 

Talc, 106. 

Tetrobydric calcic diailicate, 
106. 

„ dimagnesic trisi- 

licate, 107. 

Tetramagnesic pentasi licate. 

106. 

Topax, 180. 

Triglucinic aluminic bexasili- 
cate, 107. 

Trimagneeic tetrasilicate, 107. 
WiUemite, 106. 

Zircon, 106. 

Zirconic silicate, 106. 

Silicic bromide, 103. 

„ chloride, 101. 
fluoride, 103. 


Silicic hydride, 101. 

„ hydrotrichloride, 102. 

„ iodide, 103. 

„ sulphide, 107. 

Siliciferous manganese, 105. 

Silicium, 99. 

Silicoformic anhydride, 102. 

Silicon, 99. 

„ adamantine, 100 

,, amorphous, 99. 

„ chloroform, 102. 

„ compounds of, with oxygen 

and hydroxyl, 104. 

„ graphitoidal, 100. 

Sillimamte, 181. 

Silver, 158. 

Argentic chloride, 158, 159. 

„ hydrate, 159. 

„ iodide, 158, 159. 

„ nitrate, 158. 

„ oxide, 158, 159. 

„ peroxide, 159. 

„ sulphate, 156. 

Argentide, antimonious, 132. 

Argentous oxide, 159. 

Silver, compounds of, with oxy- 
gen, 159. 

„ horn, 158. 

Silver glance, 158. 

„ ore, dark red, 168. 

Sulphargentic metasulphanti- 
monite, 142. 

Trisulphargentic sulphantimo- 
nite, 142. 

Simple radicals, 26. 

„ substances, 1. 

Soda ash, 157. 

Sodie carbonate, 156. 
chloride, 156. 

,. hydrate, 166. 

„ oxide, 156. 

nitrosulphate, 71. 

,, pyrantimoniate, 140. 

,. silicate, Yorke’s, 106. 

„ sulphide, 157. 

Sodium, 156. 

Solid phosphoretted hydrogen, 112,. 
114. 

Spar, lead, 187. 

manganese, 194. 

Spathic iron ore, 198. 

Specular iron. 196. 

Spinelle, 180. 



Spodumene, 180. 

Stannic compounds (see Tin). 

Stannous compounds (see Tin). 

Statical formula*, 25. 

Steatite, 107. 

8tibnite, 141. 

Strontianite, 163. 

Strontic carbonate, 163. 

„ chloride, 1113. 

„ hydrate, 163. 

„ oxide, 163. 

„ peroxide, 163. 

„ sulphate, 163. 

Strontium, 163. 

Struvite, 167. 

Substances, compound, 1. 

„ simple, 1 . 

Sulphantimonites, 142. 

Sulphargentic metasulphantimonite, 
142. 

Sulphates, 82. 

Salphhydratee, 78. 

Sulphhydric acid, 72. 

Sulphide, antimonic, 141, 143. 

„ antimonious, 141. 

„ arsenic, 120, 130. 

„ arsenious, 129. 

„ bismuthous. 140. 

„ boric, 57. 

Sulphides, 73. 

Sulphites, 78. 

Sulphobismuthitee, 140. 

Sulphocarbonatee, 75. 

Sulphocuproso ferrous pyrosulphan- 
timonite, 142. 

Sulphocuprous metasulphantimo- 
nite. 142. 

Sulphoferrous metasulphantimonite, 
142. 

Sulpbohydrate, cupric, 175. 

Sulpbopluuibic metasulphantimo- 
nite, i42. 

„ pyrosulphantimo- 

nite, 142. 

„ sulphobismuthite, 

149. 

Sulphocalts, definition of, 12. 

8ulpho*ulphates, 83. ! 

Sulphur. 71. 

allot ropic, varieties of, 72. I 
an analogue of oxygen, 72. | 
.. compounds of, with posi- ; 
tire elements, 72. 
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Sulphur, compounds of, with oxygen. 

and hydroxy], 76. 

Sulphuretted hydrogen, 72. 
Sulphuric dioxydichioride. 71. 
Surface, measures of, 33. 

Symbolic notation, 14. 

Symbols, 6, 14. 

,. table of, 6. 

Symbols of chief inorganic com- 
pound radicals, 28. 
Systematic names, 8. 

,, names of bases, 1 1 . 

Table of atomic weights, 6. 

„ elements, 6. 

metalloids, 6, 32. 
molecular volumes, 3. 

,, negative elements, 4. 

non-metals, 6, 32. 
symbols, 6. 

Talc, 106. 

Tartar, cream of, 137, 151. 

Tartar emetic, 137. 

Telluric bismuth, 150. 

Tellurium, 87. 

,, compounds of, 88. 
Temperature. 34. 

Tetrachloride, carbonic, 58. 

Tetrad elements, 58, 170, 182, 184. 
Tetrads, definition of, 18. 

,, list of, 32. 

Tetrad ymite, 150. 

Tetratomic molecules, 3. 
Tetrethylarsonic chloride, 124. 

Tet rethyl-stibonic chloride, 130. 
Thallic chloride, 178. 

„ oxide, 178. 

„ oxyhydrate, 178. 

Thalloufl carbonate, 178. 

„ chloride, 178. 

„ nitrate*, 178, 

,. oxide, 178. 

„ sulphate, 178. 

„ sulphide, 178. 

Thallium, 178. 

Thick letters, use of, 16. 

Tin, 108. 

Stannic acid, 108. 

,, anhydride, 108. 

., chloride, 106. 

oxide, 108. 
sulphide, 109. 

Stannous chloride, 108. 
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Tin ( continued ). 

Stannous hydrate, 108. 

„ oxide, 108. 

„ st annate, 108. 

„ sulphate, 109. 

„ sulphide, 109. 

„ sulphostannate, 109. 

Tin, compounds of, 108. 

Tinea], 66. 

Titanic acid, 110. 

„ anhydride, 110. 

,, oxide, 110. 

„ sulphide, 110. 

„ tetrachloride, 1 10. 

Titanium, 109. 

compounds of, 110. 
Titanous oxide, 110. 

Topaz, 180. 

Triad compound radicals, 27. 

„ elements, 52, 177. 

Triads, definition of, 18. 

„ list, of, 32 
Triamylstibine, 133. 

Triatomie molecules, 3, 19. 
Triethylstibine, 133. 
Triethylsulphinc iodide, 71. 
Triinerouric diainide, 173. 
Triphylline, 1 f>7- 
Triple phosphate, 123. 

Trisodio phosphate, 1 23. 

„ sulphophosnhate, 118. 
Trititanie tetranitride, 110. 

Trivial names, 8. 

Turpeth mineral, 172. 

Union, molecular, 30. 

Use of signs, 15. 

„ of tlie bracket. 10. 

„ of the crith, 35. 

„ of thick letters, 10. 

Valentinite. 130. 

Vanadium, 123. 

„ compounds of, 124. 

Variation of atomicity, apparent, 20. 

„ law of. 21. 

Varieties of carbon, 58. 

„ sulphur, 72. 


Varvicite, 193. 

Vermilion, 172. 

Vivianite, 123. 

Vitriol, lead, 186. 

Vitriol ochre, 198. 

Volume, moleculnr, 2, 3. 

Volumes, 3. 

„ law of, 3. 

Water, 44. 

Water of crystallization, 30, 44. 
Wavellite, 123. 

Weight, atomic, 2. 

„ measures of, 34. 

„ molecular, 2. 

Weights, atomic, table of, 0. 
Weights and measures, 32. 
Wemerite, 181. 

White arsenic, 127. 

„ compound of Reiset, 183. 

,, lead ore, 187. 

oxide of arsenic, 127. 
Willomite, 106. 

Wit.herite, 160. 

Worthite, 181. 

Xenolite. 181. 

Yorke’s di plumbic dihydrate carbo- 
nate, 187. 

,, sodic silicate, 106. 

Zinc, 168. 

compound of, with oxygen, 169. 
Zinc blende, 108. 
glass. 108. 

Zipcic carbonate. 108, 170. 
chloride, 108. 

„ hydrate. 108, 109. 

„ oxide, 168, 109. 

„ sulphate, 109. 

,, sulphide, 168. 

Zinoide, antiinonioue, 133. 

Zinooxyl. 28. 

Zinkenite, 142. 

Zircon, 106. 
j Zirconie silicate, 106. 

Zoisite, 180. 














